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This  thesis  is  an  investigation  into  a second  generation  Inflight 
Miysiological  Data  Acquisition  System  sponsored  by  the  School  of  Aero- 
space Medicine  (SAM)  at  Brooks  AFB,  Texas.  The  investigation  entailed 
designing,  building,  and  testing  both  the  hardware  and  the  software  for 
a microprocessor-based  prototype  system.  The  resulting  prototype,  pre- 
sented in  this  report,  is  a complete  data  acquisition  system  including 
the  sensor  interfaces,  the  microprocessor,  and  a permanent  memory  device. 
The  body  of  the  report  is  written  in  general  terms  for  the  user  at  SAM; 
a more  detailed  description  including  circuit  diagrams,  program  listings, 
and  technical  discussions  is  given  in  the  appendices. 
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Abstract 

This  paper  discusses  a second  generation  microprocessor-based 
prototype  system  to  acquire,  analyze,  and  store  selected  environmental 
and  physiological  data  from  a pilot  during  flight.  The  Aircrew  Inflight 
Miysiological  Data  Acquisition  System  (IFPDAS)  II  consists  of  an  input 
multiplexer  and  analog-to-digital  converter,  a heaz^  rate  detector,  a 
microprocessor,  and  a permanent  memory  device.  The  microprocessor's 
operating  system  monitors  eight  sensors,  extracts  desired  information, 
and  stores  these  reduced  data  in  permanent  memory.  Afcer  the  flight, 
these  data  are  transferred  to  a land-based  computer  which  completes  the 
data  processing  and  graphs  the  following  environmental  and  physiological 
information  versus  flight  time:  (1)  cabin  absolute  pressure,  (2)  cabin 
altitude,  (3)  Z-G's,  (4)  heart  rate,  (5)  breathing  rate,  (6)  minute 
ventilation  volume,  (7)  inspired  oxygen  quantity,  and  (8)  expired 
o:^gen  quantity. 

The  completed  IFPDAS  II  prototype  provides  the  desired  information 
well  within  the  required  accuracy.  It  provides  the  following  parameter 
ranges:  (1)  heart  rate  from  53  - .1  to  225  - 2.2  b/min,  (2)  breathing 
rate  from  4.7  - .1  to  50  ^ 1 b/min,  (3)  minute  ventilation  volume  from 


I 0 to  100  - 2 1/min,  (4)  absolute  pressure  from  0 to  760  - 2 mm  Hg,  and 

I 

1 (5)  G's  from  -3  to  -t-12  - .1  G. 


AIRCREW  INFLIGHT  PHYSIOLOGICAL  DATA  ACQUISITION  SYSTEM  II 


I Introduction 


Bnckground 

The  Crew  Technology  Division  of  the  USAF  School  of  Aerospace  Medicine 
(SAM)  at  Brooks  AFB,  Texas,  has  recognized  the  need  to  relate  pilot 
activity  to  physiological  measurements,  to  apply  these  relationships  to 
predict  aircrew  effectiveness,  and  to  formulate  equipment  design  and  use 
criteria  to  optimize  that  effectiveness  in  present  and  projected  flying 
roles. 

Current  System . SAM  currently  has  an  "Aircrew  Inflight  Physio- 
logical Data  Acquisition  System"  (IFPOAS)  which  records  seven  analog 
functions  on  cassette  tape: 

« 

1.  A standard  time  code  (to  correlate  flight  events  and 
physiological  effects); 

2.  Pilot  voice; 

3.  ECG; 

4.  Cabin  pressure; 

5.  Oxygen  consumption; 

6.  Expired  flow; 

7.  Vertical  acceleration. 

I 

j The  IFPDAS  consists  of  two  subsystems:  one  to  sense  and  record  the  data 

(inflight),  the  other  to  reproduce  the  data  (on  the  ground  - after  the 
flight).  This  data  is  then  converted  to  digital  signals  and  processed 
by  a digital  computer. 
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There  are  several  problems  with  the  current  IFPDAS.  It  was  designed 
and  built  using  discrete  components  and  is  therefore  not  as  reliable  as 
a system  based  on  modem  components.  Secondly,  it  doesn't  have  the 
capability  to  acquire  triaxial  G's,  inspired  flow  volume,  or  separate 
il^>ut  and  output  oxygen  concentrations.  Finally,  it  is  highly  special- 
ized and,  therefore,  inflexible  without  costly  design  modifications. 

Currently,  the  IFPDAS  hardware  is  being  modified  by  the  U.S.  Navy. 
This  modification  includes  two  additional  analog  functions  as  well  as 
some  replacement  of  discrete  components  by  integrated  circuits.  The 
resulting  modification  should  be  more  reliable;  however,  it  still  won't 
have  the  complete  desired  capability  and  flexibility. 

System  Standards . Personnel  at  SAM  have  projected  the  design 
requirements  for  the  second  generation  system  (IFPDAS  II),  due  for 
production  in  the  early  1980' s.  IFPDAS  II  must  provide  the  following 
primary  data: 

1.  Cabin  pressure; 

2 . Time  code ; 

3.  G's  (triaxial,  if  available); 

4.  Voice  (this  can  be  acquired  separately  if  an  all- 
digital  system  can  be  designed). 

In  addition,  this  new  system  should  provide  the  capability  to  assess 
three  or  more  of  the  following: 

1.  Inspired  and  expired  flow; 

2.  Input  and  output  oxygen  concentrations; 

3 . Heart  rate ; 

4.  Mask  pressure; 

5<  Garment  pressure; 

6.  Body  core  temperature. 
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The  desired  range  and  accuracy  for  each  of  the  sensors  is  included  in 
Appendix  A. 


The  IFPDAS  II  must  meet  several  other  system  specifications.  It 
■ust  accept  probe  inputs  from  0 to  5 volts  vdiich  correspond  to  the  , 

appropriate  range  of  each  function  (for  example,  0 - 760  mm  Hg  for 
absolute  pressure).  It  should  provide  a data  acquisition  time  of  at 
least  three  hours,  and  it  must  be  time-synchronized  to  correlate  flight 
events  and  physiological  effects.  The  IFPDAS  was  designed  to  be  carried 
in  the  pilot's  survival  vest  And,  therefore,  the  original  size  restric- 
tions must  still  be  met.  This  means  that  IFPDAS  II  must  be  no  larger 
than  2"  x 5"  x 9"  and  must  be  self-contained,  with  no  external  connections 
to  the  aircraft.  Finally,  it  is  desirable  to  present  a visual  display 
of  the  status  of  the  device  and  its  probes. 

Scope  of  Thesis 

The  purpose  of  this  investigation  was  to  determine  the  feasibility 
of  implementing  IFPDAS  II  as  a completely  digital  system  to  eliminate 

the  mechanical  drives  and  reduce  the  post-flight  computations;  and,  if  i ^ 

digital  implementation  was  practical,  to  update  the  existing  equipment,  | 

increase  its  reliability,  and  extend  its  capabilities. 

Feasibility.  A search  of  the  current  literature  revealed  that  the 
microprocessor  is  extending  the  capabilities  of  monitoring  systems  and 
data  acquisition  systems  in  the  medical  and  engineering  fields  (Ref  1, 

2,  3,  S 4).  A microprocessor  controlled  system  offers  several  excellent 
features,  the  most  important  of  vdiich  are  flexibility  and  high  reliability. 

In  order  to  modify  the  function  of  a microprocessor-based  system,  all 
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that  is  generally  required  is  a change  in  the  software,  often  with  little 
or  no  change  in  the  hardware.  In  addition,  the  microprocessor  can  manip- 
ulate the  data,  extracting  the  significant  information,  thereby  reducing 
the  amount  of  permanent  storage  required.  Finally,  since  the  micro- 
processor incorporates  numerous  digital  functions  onto  a single  unit, 
or  chip,  it  replaces  an  enormous  number  of  discrete  components,  thereby 
greatly  increasing  system  reliability.  For  these  reasons,  the  investi- 
gation includes  the  development  of  a microprocessor-based  IFPDAS  II 
proto'type . 

Assumptions . This  IFPDAS  II  prototype  was  designed  making  four 
assumptions.  The  first  assumption  is  that  the  probes  supply  the  desired 
data.  This  assumption  is  required  since  it  is  not  within  the  scope  of 
this  investigation  to  redesign  the  probes.  The  second  assumption  is 
that  there  is  a maximum  period  of  four  hours  during  which  data  is 
collected.  This  is  required  to  establish  the  memory  size  needed  to  store 
the  data,  and  is  justified  since  the  current  system  is  limited  to  four 
hours  - which  personnel  at  SAM  found  to  be  satisfactory.  The  third 
asstimption  is  that  continuous  storage  of  the  data  is  not  required. 
Instead,  a periodic  technique  (i.e.,  every  10  to  30  secs)  or  a "store- 
on-significant-change"  technique  could  be  used.  This,  too,  is  necessary 
to  limit  the  memory  size.  This  assumption  should  not  limit  the  useful- 
ness of  the  data  since  unchanging  data  is  generally  not  interesting.  It 
is  the  changes  in  the  data  that  are  important,  and  both  techniques  will 
detect  the  changes.  In  addition,  it  will  generally  take  10  to  30  seconds 
to  detect  changes  in,  for  example,  heart  rate  or  flow  rate.  The  fourth 
and  last  assumption  is  that  the  power  and  size  requirements  would  not 
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have  to  be  met  for  this  prototype  development.  This  is  required  so  that 
proven  systems  could  be  used  for  the  development,  with  less  emphasis 
on  their  size  or  power  consumption. 

System  Configuration.  The  minimum  configuration  for  a microprocessor- 
based  digital  data  acquisition  system  would  have  to  include  a sensor,  an 
analog-to-digital  (A/D)  interface,  a microprocessor,  and  a memory  device. 
When  more  than  one  sensor  is  required,  the  A/D  interface  becomes  more 
coeiplex.  In  order  to  keep  this  interface  to  a minimum,  the  sensor  inputs 
can  be  multiplexed  to  one  A/D  converter,  rather  than  using  an  A/D 
converter  for  each  sensor.  This  not  only  reduces  the  number  of 
converters,  but  reduces  the  number  of  inputs  to  the  microprocessor.  The 
multiplexer  and  single  A/D  converter  configuration  allows  additional 
sensors  to  be  interfaced  to  the  system  without  changing  the  basic 
system  hardware,  while  keeping  the  number  of  system  components  to  a 
minimum.  These  concepts  were  used  to  design  the  IFPDAS  II  prototype, 
which  consists  of  six  major  functional  units  as  shown  in  Figure  1. 

The  multiplexer  selects  one  from  up  to  16  different  probe  signals 
as  the  input  to  the  A/D  converter.  This  converter  transforms  the  analog 
signal  into  a digital  number  which  represents  the  signal  for  use  by  the 
microprocessor  (CPU).  The  heart  rate  detector  (implemented  in  hardware 
for  required  accuracy  - see  ECG  section  of  Chapter  II)  supplies  the  CPU 
with  a number  representing  the  heart  beat  interval.  The  CPU  combines 
these  numbers  with  previous  data  (stored  temporarily  in  the  CPU  memory), 
extracts  the  desired  information,  and  stores  the  desired  result  in 
permanent  memory. 
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System  Components 


The  microprocessor  performs  two  major  functions:  data  manipulation 
and  system  control.  Both  of  these  functions  are  implemented  by  a 
software  program,  called  the  operating  system,  vd\ich  is  stored  in  the 
CPU  memory.  The  operating  system  directs  selection  of  the  proper 
input  probe,  initiates  conversion  of  the  analog  signal,  and  routes 
data  to  and  from  both  CPU  and  permanent  memoiy.  The  operating  system 
also  ensures  proper  interpretation  and  reduction  of  the  data. 

The  remaining  chapters  discuss  the  IFPDAS  II  prototype  with  respect 
to  its  hardwaro,  the  general  algorithms  designed  to  acquire  the  data, 
the  post-flight  data  reduction,  and  the  tests  of  the  prototype  system. 
Recommendations  for  further  system  development  are  also  given. 
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II  Hardware 


Several  microprocessors  (including  the  Z80,  the  TMS9900,  the  8080, 
and  the  6800)  were  considered  for  use  as  the  central  processing  imit  for 
the  IFPDAS  II  prototype.  Intel  Corporation's  8080A  CPU  has  several 
advantages  over  the  other  microprocessors  which  make  it  the  best  choice 
for  the  system  CPU.  A major  advantage  is  that  the  8080  is  a well  estab- 
lished, low  cost,  highly  reliable  microprocessor  (Ref  5:44-45)  which 
readily  integrates  with  Intel's  general  purpose  peripherals.  These 
peripherals  provide  a variety  of  special  functions  (such  as  timing  and 
external  interfaces)  which,  together  with  the  8080,  make  up  a complete 
computer  system.  In  addition,  the  devices  selected  for  the  A/D  interface 
and  the  permanent  memory  had  already  been  interfaced  to  the  8080.  Other 
considerations  include  the  author's  previous  experience  with  the  8080  and 
the  support  software  available  on  AFIT's  computer  system.  One  final 
advantage  is  Intel's  new  generation  8080A  - the  8085  - which  is  100% 
software  compatible  with  the  8080  and  integrates  several  functions  of  the 
8080  system  onto  a single  chip  (Ref  6:109-113,  Ref  7). 

The  IFPDAS  II  prototype  consists  of  four  major  hardware  components: 
Intel's  SBC  80/20  (a  single  board  computer  containing  the  8080  and 
several  peripherals),  the  DAS  1128  Data  Acquisition  Module,  the  sensor 
interfaces,  and  the  permanent  data  storage  device.  Each  of  these 
components  will  be  described  in  the  following  sections.  IFPDAS  II 
prototype  characteristics  are  listed  in  Appendix  A. 
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SBC  80/20 


Intel's  8080-based  single  board  cooputer  SBC  80/20  was  purchased. 
This  allowed  engineering  development  of  the  IFPDAS  II  prototype  using 
a proven  computer  system  rather  than  devoting  time  to  fabrication  and 
testing  of  a specialized  computer  system. 

The  SBC  80/20  is  a coaq>lete  computer  system  on  a single  6.75-by- 
12  inch  printed  circuit  card.  The  CPU,  system  control  functions,  CPU 
memories,  input/output  (I/O)  interfaces,  interval  timers,  and  interrupt 
controller  all  reside  on  the  board  (a  block  diagram  of  these  functions 
is  shown  in  Figure  2).  The  CPU  functions  have  been  discussed  in  the 
section  on  system  configuration;  each  of  the  peripheral  devices  will 
be  introduced  in  the  remainder  of  this  section.  (Specific  design  and 
operational  characteristics  are  discussed  in  Appendix  E.) 

The  CPU  memory  consists  of  two  types  of  memory:  read/write  memory 
(RAM)  and  read-only  memoiy  (ROM).  Unlike  the  read/write  memory,  the 
read-only  memory  is  non-volatile,  vdiich  means  that  a program  or  data 
stored  on  the  ROM  will  not  be  lost  by  turning  the  power  off.  For  this 
reason,  the  operating  system  will  be  permanently  stored  in  ROM.  Read/ 
write  memory  is  used  like  a scratch  pad  by  the  CPU.  Previous  data 
samples,  intermediate  calculations,  and  event  counters  are  stored  on  this 
te^)orary  memory  for  later  use  by  the  CPU.  Any  data  stored  in  RAM  would 
be  lost  if  power  failed;  however,  the  operating  system  would  recognize 
the  loss  of  power  and  reinitialize  the  system  when  power  is  restored. 

Comnunication  with  the  input  devices  (the  data  acquisition  module 
and  the  heart  rate  detector)  is  accomplished  through  two  8255  Program- 
mable Peripheral  Interfaces.  These  8255s  receive  data  over  8 or  16  data 
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Fig.  2.  SBC  80/20  Functional  Diagram 


lines  when  inforaed  by  an  external  device  that  the  data  is  ready  for 
il^>ut.  The  82SSs  store  the  data,  indicate  to  the  CPU  that  the  data  is 
available,  and  transfers  the  data  to  the  CPU  upon  request. 

Coomunication  with  the  current  memory  device  (the  Hazeltine  video 
terminal)  is  accomplished  through  the  8251  Programmable  Communication 
Interface.  This  device  communicates  with  external  devices  over  a 
standardized  (RS232)  interface.  (The  use  of  this  standardized  interface 
allows  communication  with  any  RS232-compatable  device  - not  just  the 
Hazeltine.)  The  rate  of  transfer  (baud  rate  or  bit  rate)  and  format  of 
the  data  is  controlled  by  the  system  software. 

Timing  and  frequency  division  are  accomplished  by  the  8253 
Programmable  Interval  Timer.  The  8253  contains  three  independent 
timers,  each  of  which  is  programmed  by  the  operating  system.  One  of 
the  timers  is  configured  as  a real  time  clock  which  informs  the  CPU 
of  every  50  msec  interval.  The  other  two  timers  are  used  as  frequency 
dividers,  slowing  the  system  clock  to  required  frequencies.  One  of  the 
resulting  frequencies  is  used  to  establish  the  baud  rate  for  the  8251 
communications  interface.  The  other  is  used  as  the  clock  for  the  heart 
rate  detector. 

The  last  peripheral  device  contained  on  the  SBC  80/20  is  the  8259 
Programmable  Interrupt  Controller.  An  interrupt  is  notification  to  the 
CPU  by  an  external  device  that  an  event  has  occurred  or  that  the  device 
requires  servicing  (Ref  8;  Ch  5,  8-33).  The  8259  intercepts  the  inter- 
rupt request  from  the  external  device,  and  it  informs  the  CPU  that  the 
interrupt  has  occurred  and  where  the  software  service  routine  can  be 
foiuid. 
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DAS  1128  Data  Acquisition  Module 

The  DAS  1128  is  a self-contained  data  acquisition  system  manufactured 
by  Analog  Devices.  This  compact  module  was  selected  for  use  in  the 
prototype  since  it  is  a proven  system  which  readily  integrates  with  the 
8080  through  the  8255.  It  contains  an  analog  input  multiplexer,  an  A/D 
converter,  and  all  of  the  timing  and  control  circuitry  needed  to  perform 
the  complete  data  acquisition  function  (Figure  3). 


Fig.  3.  DAS  1128  Fvmctional  Diagram 

Seven  physiological  and  environmental  analog  signals  are  input  to 
the  signal  multiplexer.  The  multiplexer  is  directed  by  the  CPU  (via  the 
STROBE  ihput)  to  select  these  signals  sequentially.  Conversion  of  the 
selected  signal  is  started  when  the  module  is  triggered  by  the  CPU  (via 
the  TRIG  input).  (These  CPU  commands  are  transmitted  by  the  8255  to  the 
DAS  1128.)  When  the  conversion  is  complete,  the  output  of  the  A/D 
converter  is  a digital  representation  of  the  0-5  volt  input,  accurate 
to  within  10  mv  of  the  input  signal.  (This  provides  the  required 
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•ccuracy  as  listed  in  Appendix  A.)  At  this  time,  an  "end-of-conversion" 
(f5S)  is  returned  to  the  8255,  signifying  that  the  digital  data  and 
associated  sensor  identification  are  ready  for  transmission.  Each 
conversion  requires  approximately  25  microseconds,  which  would  allow 
a maximum  of  40,000  conversions  per  second.  This  is  more  than  adequate 
since  the  current  application  requires  only  1120  conversions  per  second. 
(This  is  based  on  a sampling  rate  of  20  Hz.  If  a faster  rate  is  desired, 
the  IFPDAS  II  could  sample  the  maximum  16  inputs  at  over  70  Hz.)  The 
electrical  and  interface  configurations  are  discussed  in  Appendix  F. 

Sensor  Interfaces 

The  IFPDAS  II  prototype  accepts  eight  physiological  and  environ- 
mental sensors.  These  probes  measure  partial  pressure  of  oxygen  inhaled 
and  exhaled,  respiratory  flow  rate  (expired),  triaxial  G's,  absolute 
pressure,  and  ECG.  A mask  and  two  oxygen  partial  pressure  sensors 
(Beckman  OMll)  were  provided  by  SAM  at  Brooks  AFB,  TX.  An  accelerometer 
(Statham  F-15-340)  was  obtained  from  the  Aerospace  Medical  Research 
•Laboratory  (AMRL)  at  Wright-Patterson  AFB,  OH;  and  the  ECG  leads  were 
available  in  AFIT's  Bioengineering  Laboratory.  (The  flow  rate  and 
absolute  pressure  sensors  were  not  available.)  Each  of  the  available 
probes  was  interfaced  to  the  prototype  and  is  discussed  in  the  following 
sections . 

Oxygen  Partial  Pressure.  The  oxygen  sensors  are  located  in  the 
mask/hose  assembly  in  the  same  configuration  used  for  the  original 
IFPDAS  (Ref  9:24-25);  however,  the  oxygen  information  has  changed. 

IFPDAS  I provided  a measurement  representing  the  instantaneous  difference 
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between  the  inspired  and  expiz*ed  oxygen  partial  pressures.  This  is  not 
the  information  desired;  therefore,  IFPDAS  II  provides  two  measurements, 
one  representing  the  inspired  and  one  representing  the  expired  oxygen 
partial  pressure.  The  OMll  sensor  output  is  an^lified  to  provide  a 
0—5  volt  signal  corresponding  to  a pressure  range  of  0 - 760  mm  Hg 
of  oj^gen. 

The  OMll  sensor  has  an  800  msec  response  time  for  a 0 to  100%  oxygen 
transition.  This  is  an  acceptable  time  for  the  present  application; 
however,  it  is  too  slow  for  a breath-by-breath  analysis.  A con^lete 
circuit  description  of  the  amplifier  is  included  in  Appendix  G. 

Included  also  is  a circuit  to  reduce  the  response  time  to  100  msec, 
idiich  would  be  sufficient  for  a breath-by-breath  analysis,  if  desired. 

Acceleration.  The  IFPDAS  II  prototype  was  designed  to  monitor  the 
acceleration  forces  in  all  three  dimensions.  AMRL  at  Wright-Patterson 
AFB  has  mounted  three  uni-directional  accelerometers  on  a breast  plate 
(Ref  10)  to  provide  the  triaxial  G's.  Only  one  sensor  was  available, 
so  only  one  amplifier  was  constructed  and  tested.  However,  the  other 
two  amplifiers  (required  for  full  triaxial  G measurement)  would  be 
identical  to  the  one  actually  built.  The  full  range  of  the  Statham 
accelerometer  is  -15  to  +15  G's.  The  amplification  circuit  offsets  this 
range  and  provides  a 0 - 5 volt  signal  which  corresponds  to  -3  to  +12 
G's.  A complete  circuit  description  of  the  accelerometer  interface  is 
given  in  Appendix  G. 

ECG  (Heart  Rate).  IFPDAS  I stores  the  complete  ECG  on  cassette 
tape  for  later  analysis.  This  recording  is  only  reliable  enough  to 
provide  information  for  heart  rate  calculation,  by  hand,  on  the  ground. 

14 


( 

i 

1 

i 

I 

{ 

I 


I 


T 


1 


Normally,  the  heart  rate  is  the  desired  information;  therefore  a heart 
rate  detector  was  designed  and  built  for  the  IFPDAS  II  proto'^rpe.  This 
detector  provides  a digital  representation  of  the  heart  rate,  along 
with  the  provision  to  record  the  entire  ECG  waveform  with  a separate 
analog  recorder,  if  desired.  The  heart  rate  information  is  derived  by 
'counting  the  time  interval  between  detected  R-waves.  This  count  is 
passed  to  the  CPU,  through  the  second  8255.  A functional  diagram  of  the 
heart  rate  detector  is  given  in  Figure  4. 


Fig.  4.  Heart  Rate  Detector  Functional  Diagram 

This  heart  rate  detector  was  designed  to  provide  a maximum  amplitude 
R-wave  signal,  while  eliminating  base-line  shifts  and  reducing  muscle 
artifacts.  The  base-line  shifts  and  muscle  artifacts  are  undesirable 
since  they  add  extraneous  signals  and  make  accurate  R-wave  detection 
very  difficult.  The  lead  placement  shown  in  Figure  5 is  a compromise 
placement  which  provides  a good  QRS-wave  least  disturbed  by  muscle 
artifacts. 

15 

L 


Fig.  5.  ECG  Lead  Placement 


Figure  6 shows  typical  ECG's  provided  by  the  amplifier,  along  with 
the  associated  R-wave  detector  output.  Figvire  6a  was  recorded  with  the 
subject  at  rest,  while  Figure  6b  was  recorded  with  the  subject  exercising 
heavily  on  a stationary  bicycle.  As  can  be  seen  from  these  figures,  the 
R-wave  detector  provides  a highly  reliable  R-wave  indication  even  under 
exercise  and  movement  conditions  more  severe  than  a pilot  would  experience 
during  a flight. 

The  output  of  the  R-wave  detector  is  used  to  trigger  a counter, 
which  counts  the  time  interval  between  R-waves.  When  a subsequent  R- 
wave  is  detected,  this  count  is  passed  to  the  8255  and  the  new  count  is 
started.  Appendix  G contains  a complete  electrical  description  of  the 
ECG  amplifier,  R-wave  detector,  and  interval  counter. 
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Data  Storage 


A VC*  oty  of  current  data  storage  devices  were  considered.  Several 
of  these  were  eliminated  because  of  their  physical  size  (magnetic  core 
memory),  volatility  (RAM,  charge-coupled  devices),  or  impracticality 
(PROM).  The  only  devices  considered  practical  for  use  on  the  IFPDAS  II 
prototype  were  magnetic  tape  (either  wafer  or  standard  cassette)  and 
magnetic  bubble  memory.  (Product  information  for  the  two  tape  storage 
systems  is  given  in  Ref  11,  12.)  Both  of  these  storage  devices  provide 
non-volatile  storage,  large  capacity,  and  small  size.  The  magnetic 
bubble  memory  was  selected  over  the  cassette  tape  systems  in  order  to 
provide  a completely  digital  system  with  ao  mechanical  drives. 

Bubble  Memory.  Bubble  memories  have  several  characteristics  which 
make  them  ideal  for  use  as  a mass  memory  system  in  this  application. 

These  attributes  result  primarily  from  the  semiconductor- 
like processing  used  to  fabricate  bubble  devices  in 
conjunction  with  their  non-volatile  nature.  ...  Some  of 
the  important  features  resulting  from  the  semiconductor- 
like processing  include  reliability,  small  size,  fast 
access  time  (relative  to  electro-mechanical  mass  storage 
devices),  low  cost,  and  small  incremental  capacity.  ... 

By  virtue  of  its  non-volatility,  the  bubble  device  offers 
removability,  asynchronous  access,  and  low  power.  (Ref  13:1) 

Bubble  memory  systems  are  still  in  the  developmental  stage.  It  is 
expected  that  a complete  memory  system,  including  two  bubble  memories 
(capable  of  storing  184,000  bits  of  information)  and  all  of  the  system 
controls  and  interfacing,  will  fit  on  a single  4.5"  x 6"  x .75"  printed 
circuit  board.  It  is  also  expected  that  the  power  required  to  operate 
the  system  will  be  approximately  three  watts.  The  IFPDAS  II  prototype 
only  stores  data  for  10  msec  every  10  sec  which  would  allow  the  CPU 
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to  turn  off  the  memory  system  during  periods  of  non-storage  - thus 
significantly  reducing  the  power  consximption. 

Texas  Instruments  supplied  circuit  diagrams  for  the  bubble  memory 
controller  and  functional  timing  generator  (Appendix  H).  These  circuits 
were  wired  on  a component  board  and  interfaced  to  the  SBC  80/20.  Due 
to  limited  bubble  memory  production  and  procurement  difficulties,  a 
complete  bubble  memory  system  could  not  be  obtained  in  time  to  interface 
to  the  IFPDAS  II  prototype.  For  this  reason  a temporary  storage  method 
consisting  of  a Hazeltine  2000  video  terminal  and  digital  cassette 
recorder  was  used. 

Hazeltine  Video  Terminal . The  Hazeltine  video  terminal  communicates 
with  the  8251  Programmable  Communication  Interface  discussed  in  the  SBC 
80/20  section  of  this  chapter.  The  operating  system  transforms  the  data 
into  a standard  format  (seven-bit  ASCII  code)  which  is  sent  to  the  video 
terminal  and  displayed  on  the  video  screen.  This  visual  display  was  a 
valuable  developmental  tool  because  it  allowed  easy  interpretation  of  the 
data  for  validating  the  software  operations  as  well  as  checking  the 
accuracy  of  the  stored  data.  This  temporary  "storage"  technique  was 
used  until  the  system  was  operating  as  desired.  Then  data  was  collected 
by  displaying  it  on  the  video  screen  and  automatically  copying  it  perma- 
nently on  a digital  cassette  tape.  (Appendix  C describes  the  transfer 
process.)  This  digital  tape  represents  the  final  storage  of  the  "inflight" 
data,  which  is  ready  for  "post-flight"  conversion  and  graphic  display. 
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the  IFPDAS  II  prototype  hardware  configuration  includes  the  SBC 
80/20  printed  circuit  board;  and  a component  board  containing  the 
DAS  1128,  the  heart  rate  detector,  and  the  bubble  memory  function 
timing  generator.  The  analog  interfaces  that  provide  the  0-5  volt 
signals  are  packaged  in  a 3"  x 4"  x 5"  chassis. 


20 


\ 


III  General  Algorithms 
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I 

Introduction 

The  operation  of  the  hardware  discussed  in  the  previous  chapter  is 
under  the  control  of  a software  program  called  the  operating  system 
(i^pendix  B ) . Execution  of  the  operating  system  by  the  CPU  results  in 
initialization  of  the  system  and  acquisition,  reduction,  and  storage  of 
the  data.  The  operating  system  selects  the  proper  input  sensor,  starts 
the  A/D  conversion,  and  inputs  the  data  for  reduction  and  permanent 
storage.  In  addition,  it  ensures  that  the  proper  subprogram,  or  service 
routine,  receives  the  data. 

The  biggest  constraint  on  the  IFPDAS  II  is  the  amount  of  available 
permanent  storage  for  the  acquired  data.  Because  of  this  limitation,  it 
is  not  possible  to  store  the  complete  waveforms,  or  even  continuous 
samples  of  these  waveforms,  for  the  desired  four  hour  period.  For  this 
reason,  a periodic  technique  (storing  the  data  every  ten  sec)  was  used. 

Three  of  the  service  routines  must  sum  the  input  data  for  each  ten 
second  interval.  In  order  to  constrain  the  ten  second  stun  to  16  bits  of 
storage,  it  was  necessary  to  sample  no  more  than  256  times  during  the  10 
second  period.  A sampling  rate  of  20  Hz  (200  samples  in  10  sec)  was 
selected  because  the  input  signals  change  very  slowly  (less  than  5 Hz). 

Data  are  collected  from  each  input  signal  every  50  msec  using  a 
noise-reducing  digital  filtering  technique.  This  technique  consists  of 
taking  8 consecutive  samples  of  the  waveform  in  .5  msec  and  averaging 
these  8 samples  to  produce  the  50  msec  reading. 
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In  order  to  collect  data  from  each  input  signal  at  the  20  Hz  rate, 
the  operating  system  sets  a hardware  timer  which  interrupts  the  CPU  at 
the  end  of  50  msec.  This  interrupt  informs  the  CPU  to  start  the  service 
routine  sequence. 

The  remainder  of  the  chapter  discusses  the  sensor  service  routines 
and  the  additional  system  support  software. 

Service  Routines 

There  is  an  independent  service  routine  for  each  input  probe  since 
different  information  is  required  from  each  sensor.  Each  service  routine 
accepts  the  50  msec  reading  from  the  averaging  routine  and  performs  the 
required  operations  to  prepare  the  data  for  permanent  storage. 

The  following  sections  discuss  the  information  to  be  extracted  from 
the  irq)ut  waveforms  and  the  algorithm  used  in  each  service  routine  to 
reduce  the  data  to  the  desired  form. 

P02IN.  The  personnel  at  SAM  need  to  assess  the  pilot's  oxygen 
consumption  during  flight.  One  of  the  required  quantities  needed  to 
compute  this  consumption  is  the  amount  of  oxygen  inspired  during  each 
breath.  To  accurately  compute  the  quantity  of  oxygen  inspired,  the 
oxygen  partial  pressure  and  the  inspired  flow  rate  are  required. 

Currently,  the  oiask/hose  assembly  does  not  contain  a sensor  to  measure 
inspired  flow;  therefore,  a program  to  approximate  the  quantity  of 
inspired  oxygen  was  written. 

The  P02IN  service  routine  was  written  to  sum  all  of  the  inspired 
partial  pressure  readings  for  the  ten  second  period  and  store  the  sum 
for  averaging  after  the  flight.  This  sum  is  then  used  in  conjunction  | 


22 


with  the  expired  flow  rate  (assuming  equal  inspired  and  expired  rates)  to 
co^>ute  the  oi^gen  intake,  (i^pendix  I discusses  a single  breath  analysis 
method  for  computing  oxygen  uptake.) 

P020UT.  The  second  required  quantity  needed  to  compute  the  pilot's 
oo^gen  consiimption  is  the  amount  of  carbon  dioxide  produced  during  each 
breath.  Current  carbon  dioxide  sensors  do  not  lend  themselves  to 
inflight  applications  due  to  their  size  and  weight;  therefore,  an  approx- 
imation of  the  expired  oxygen  quantity  had  to  be  made. 

The  P020UT  service  routine  sums  the  expired  partial  pressure 
readings  for  the  ten  second  period  and  stores  the  sum  for  the  post-flight 
conversion,  vdiich  is  similar  to  the  P02IN  methods.  (Even  though  the  P02IN 
and  P020UT  service  routines  are  inaccurate  in  their  analysis  of  the 
03^gen  quantities,  the  sensor  interfaces  and  data  handlers  were  success- 
fully exercised  and  produce  approximate  values.  A single  breath  analysis 
method  for  computing  the  expired  oxygen  quantity  is  included  in 
j^pendix  I.) 

Flow  Rate  (FLWRT) . The  third  quantity  required  to  compute  the 
oxygen  consumption  is  flow  volume.  A probe  in  the  ojQrgen  mask/hose 
assembly  measures  the  expired  volvune  flow  rate,  which  can  be  integrated 
with  respect  to  time  to  obtain  flow  volume. 

The  integral  of  the  flow  rate  waveform  can  be  computed  by  using  a 
rectangular  approximation  technique,  since  there  is  very  little  change  to 
the  flow  rate  signal  during  a 50  msec  interval.  The  FLWRT  service 
routine  sums  and  stores  the  200  flow  rate  readings  for  subsequent 
multiplication  (after  the  flight)  by  the  known  50  msec  interval  to 
produce  the  resulting  integral. 
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Absolute  Pressure  (ABSPR) . The  final  quantity  required  to  compute 
the  oj^gen  consumption  is  the  cabin  absolute  pressure.  This  is  necessary 
in  order  to  compensate  the  flow  rate  reading  for  altitude  and  also  to 
oo^>ute  percent  oxygen  in  the  inspired  and  expired  air.  The  ABSPR 
service  routine  stores  a representation  of  the  cabin  absolute  pressure 
every  ten  seconds. 

Breathing  Rate  (BRRT) . The  BRRT  service  routine  uses  the  flow  rate 
sample  for  breath  detection.  The  routine  determines  when  the  exhaled 
breath  has  stopped  and  marks  this  event  as  the  start  of  a new  breath. 

The  interval  between  breaths  is  counted  and  stored. 

Y,  S Z G's.  These  service  routines  search  for  the  maximum  and 
minimum  acceleration  in  each  direction  during  the  ten  second  interval. 

In  order  to  reduce  the  effects  of  transient  G impulses,  each  routine 
averages  eight  readings  before  comparing  to  the  previous  minimum  and 
maximum  values. 

Heart  Rate  (HEART) . The  HEART  service  routine  checks  to  see  if  the 
heart  rate  circuit  has  input  a new  heart  beat  interval.  If  a new  count 
is  available,  it  is  read  in  and  stored.  Eight  heart  beat  counts  are 
averaged  together  to  provide  a representative  heart  rate. 

System  Support  Software 

In  order  to  form  the  complete  operating  system,  several  additional 
routines  are  necessary.  These  routines  initialize  the  IFPDAS  II 
prototype,  correct  detectable  errors,  store  the  data  on  the  permanent 
storage  device,  and  provide  the  additional  support  required  by  the 
service  routines. 
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Power-up  Routine . This  routine  is  executed  tdien  the  hardware  detects 
that  power  has  been  applied  to  the  IFPDAS  II  prototype.  This  program 
configures  the  IFPDAS  to  its  data  acquisition  function.  This  includes 
programming  the  8251  communication  interface,  the  8255  input  ports,  the 
8253  timers,  and  the  8259  interrupt  controller  as  described  in  the  hard- 
ware chapter.  The  DAS  1128  is  initialized  so  that  probe  "0"  is  the  first 
to  be  sampled  when  the  service  routine  series  is  started.  The  final 
tasks  accomplished  by  the  power-up  routine  are  the  initialization  of  the 
scratch  pad  storage  and  the  initiation  of  the  service  routine  series 
(program  loop). 

Error  Routine.  The  operating  system  must  ensure  that  the  executing 
service  routine  is  receiving  data  from  its  associated  probe.  Each  service 
routine  accomplishes  this  by  checking  the  sensor  identification  infor- 
mation. If  the  service  routine  and  sensor  are  mismatched,  the  operating 
system  must  select  the  proper  sensor  and  return  to  the  program  loop. 

This  is  accomplished  by  the  error  routine. 

Permanent  Data  Storage  Routine.  The  operating  system  keeps  track 
of  the  running  time,  and  schedules  the  storage  routine  every  ten  seconds. 
The  storage  routine  transfers  a timing  preamble  and  the  data  computed 
by  the  service  routines  from  the  scratch  pad  storage  to  the  permanent 
storage  device.  The  data  is  converted  to  the  ASCII  code  required  by  the 
Hazeltine  video  terminal,  and  is  transmitted  over  the  RS232  interface. 
After  all  of  the  data  is  transferred,  two  control  characters  are  trans- 
mitted which  dii*ects  the  Hazeltine  system  to  write  the  data  from  the 
video  screen  onto  the  digital  cassette  tape.  Finally,  the  scratch  pad 
storage  area  is  reinitialized.  The  data  storage  routine  is  the  only 
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device-dependent  program  in  the  operating  system  and  is,  therefore,  the 
only  module  that  will  require  modification  when  the  new  memory  system 
is  interfaced. 


All  of  the  service  routines  and  system  support  software  are  stored 
on  a single  2708  Erasable  and  Electrically  Programmable  Read  Only  Memory 
chip.  This  allows  program  modification  by  simply  erasing  and  reprogram- 
ming the  memory. 


rv  Post-Flight  Data  Conversion 


The  post-flight  conversions  az%  accomplished  by  a land-based 
coiiq>uter  after  the  flight.  The  data  from  the  memory  device  is  trans- 
ferred to  the  computer  where  a program  completes  the  data  conversion 
and  displays  the  desired  information  in  graphic  form.  The  form  of  this 
display  (list,  tabular,  plot  versus  time,  etc.)  can  be  varied  by 
changing  the  program. 

This  investigation  utilized  AFIT's  computer  system  as  the  land- 
based  computer.  The  data  from  the  digital  cassette  tape  is  transferred 
to  the  computer  (Appendix  C)  for  the  "post-flight"  conversions.  A 
FORTRAN  program  (Appendix  D)  reads  in  this  data,  converts  it  back  to 
basic  form,  completes  the  calculation  of  the  desired  information,  and 
displays  this  information  in  graphic  form.  Three  environmental  and 
five  physiological  parameters  are  graphed  versus  time  by  this  conversion 
program.  These  are  absolute  pressure,  cabin  altitude,  Z-G's,  heart  rate, 
breathing  rate,  minute  ventilation  volume,  and  inspired  and  expired 
oxygen  volumes. 

The  following  sections  describe  these  calculations  and  include  a 
representative  graph  of  the  parameter. 

Absolute  Pressure 

The  absolute  pressure  data  is  a number  from  0 to  250  which  is 
directly  proportional  to  a pressure  range  of  0 to  760  mm  Hg.  The  data 
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ia  converted  to  actual  cabin  absolute  pressure  using  the  following 
foraula: 


(data) 

aba  pressure  (mm  Hg)  = X 760  (1) 

250 


The  cabin  absolute  pressure  is  plotted  versus  time,  as  in  Figure  7. 

Cabin  Altitude 

The  absolute  pressure  data  is  also  used  to  compute  cabin  altitude. 
There  is  not  a simple  mathematical  relationship  between  data  in  mm  Hg 
and  altitude  in  feet  (Ref  14:587);  therefore,  an  approximate  relation- 
ship was  derived  using  linear  regression  techniques.  A logarithmic 
curve  of  the  form 


y = a + b ln(x)  (2) 

was  found  to  provide  the  best  fit.  For  the  altitude  range  of  0 to 
25,000  feet,  the  following  equation  was  used: 

sltitude  (feet)  = 170,156  — 25,685  ln(abs  pressure  (mm  Hg))  (3) 

This  equation  is  accurate  to  within  275  feet  for  the  0 to  25,000  foot 
range.  A sample  cabin  altitude  versus  time  plot  is  shown  in  Figure  8. 


28 


(m  ntcssuK  n tihc 


Cabin  Absolute  Pressure  vs  Time 
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Z-C*s 


The  acceleration  data  is  a number  from  0 to  250  vdiich  is  directly 
proportional  to  a range  of  -3  to  •t-12  G's.  The  data  is  converted  to 
actual  G's  using  the  following  formula: 


acceleration  (G's)  = 


(data) 

250 


X 


3 


(4) 


(The  -3  term  is  necessary  to  correct  for  the  3 G offset  of  the 
acceleration  circuitry.)  Minimum  and  maximum  Z-G's  (for  each  ten 
second  interval)  are  plotted  on  the  same  graph,  as  in  Figure  9.  (The 
graphs  for  X and  Y-G's  are  similar  and  are  not  included.) 


Heart  Rate 

The  heart  rate  data  is  an  average  number  of  4.44  msec  (1/225  Hz) 
counts  between  detected  R-waves.  This  number  is  converted  to  the  heart 
rate  using  the  following  equation: 


heart  rate  (b^ats/min)  = 


1 


(4.44  msec) (count) 


X 60 


225  Hz 


(count) 


X 60 


(5) 


An  example  of  the  heart  rate  plot  is  shown  in  Figure 
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Minimum  and  Maximum  Z-G's  vs  Time 


MCMiT  mtre  vt  tinc 


Heart  Rate  vs  Time 


Breathing  Rate 

The  breathing  rate  data  is  similar  to  the  heart  rate  data,  except 
that  each  count  represents  50  msec.  The  breathing  rate  is  calculated 
from  the  number  of  50  msec  counts  in  the  following  manner: 


breathing  rate  (breaths/min)  = ■ ■ X 60 

(50  msec ) ( count ) 


20  Hz 


(count) 


X 60 


The  sample  breathing  rate  graph  is  given  in  Figure  11. 


Minute  Ventilation  Volume 

The  flow  volume  equations  were  derived  for  the  original  IFPDAS 
(Ref  9:5).  The  equation  for  flow  volume  rate  (F)  is 


F = V^  (volts)  X (24.8  1/min/volt)  X 


760  mm 


abs  pressure 


(The  square  root  term  corrects  the  flow  volume  rate  for  actual  altitude.) 
The  50  msec  volume  flow  rate  reading  (R)  is  a number  from  0 to  250  which 
is  directly  proportional  to  a flow  rate  from  0 to  124  1/min.  Each  R 
could  be  used  to  compute  an  incremental  flow  volume  expired  during  that 
SO  msec  interval: 
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volume/50  msec  ( 1 ) 


X (124  1/min)  X 


I 760  mm  Hg 
abs  pressure 


.05  sec 


60  sec /min 


Summing  each  of  the  incremental  volumes  provides  the  flow  volvune  for 
the  ten  second  interval: 


volume/10  sec  (1)  = 


R.  / 760  mm  Hg 

— i.  X (124  1/min)  X \ / 

250  Vabs  pressure 


.05  sec  1 
> sec /min  J 


tl24  1/min  . / 760  mm  Hg  .05  sec 

X \ / X 

250  V abs  pressure  60  sec/min 


The  summation  term  is  the  value  calculated  and  stored  by  the  IFPDAS  II 
prototype.  Combining  constants,  Eq  (10)  reduces  to 
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volume/lO  sec  (1)  = «0114 


X 


(gummation) 


(11) 


\/abs  pressure 

In  order  to  obtain  the  desired  minute  ventilation  volume,  six 
lO-second  volumes  are  summed.  Minute  ventilation  volume  is  plotted 
versus  time,  as  in  Figtire  12. 

Oaygen  volumes 

The  inspired  and  expired  oxygen  partial  pressure  data  is  a sum  of 
the  50  msec  readings.  This  sum  is  divided  by  the  number  of  readings, 
which  gives  an  average  o^Qrgen  partial  pressure  reading  for  the  ten 
second  period: 


sum 

avg  reading  = (12) 

200 


This  average  reading  is  a number  between  0 and  250  which  is  directly 
proportional  to  a pressure  range  of  0 to  760  mm  Hg.  This  data  is 
converted  to  the  fractional  amoimt  of  oxygen  in  the  air  as  follows: 


fraction  0^ 


{ 


avg  reading 


250 


pressure 


(13) 


The  quantity  of  ojqrgen  in  the  inspired  or  expired  air  is  then  computed  by 


quantity  of  O2  (1)  = (fraction  0^) (minute  vent  vol  (1))  (14) 
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Fig.  12.  Minute  Ventilation  Volume  vs  Time 


Combining  Eqs  (12),  (13),  and  (14) 

sum  X 760 

q;uantity  of  0^  (1)  = - - ■ — (min  vent  vol)  (15) 

200  X 250  X (abs  pressure) 

or, 

(sum)  X (min  vent  vol) 

quantity  of  0^  (1)  = (16) 

65.79  X (abs  pressure) 

The  inspired  oxygen  quantity  is  graphed  in  Figure  13;  and  the  expired 
oxygen  quantity  is  graphed  in  Figure  14. 

The  graphs  provide  a means  for  easy  correlation  of  the  aircraft's 
pressure  altitude  and  acceleration,  and  the  pilot's  heart  rate,  breath- 
ing rate,  minute  ventilation  volume,  and  oxygen  consumption. 
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Fig.  13.  Inspired  Oxygen  Quantity  vs  Time 
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Fig.  14.  Expired  Oxygen  Quantity  vs  Time 


V System  Tests 


The  IFPOAS  II  prototype  was  continually  tested  during  development. 
Each  program  module,  and  each  sensor  interface,  was  checked  individually 
both  before  and  after  system  integration.  After  all  of  the  modules  and 
available  interfaces  were  integrated,  the  IFPDAS  II  prototype  was 
tested  as  a complete  system.  The  following  sections  describe  the 
developmental  and  final  tests. 

Developmental  Tests 

Each  of  the  software  modules  was  designed,  coded,  and  tested  on 
AFIT's  main  computer  system  (an  8080  simulator  was  used  to  verify  the 
software).  The  tests  consisted  of  inputing  simulated  data  to  check  that 
the  modules  were  manipulating  the  data  properly.  After  these  tests, 
the  programs  were  transferred  to  the  IFPDAS  II  prototype's  memory. 

Then  the  DAS  1128  was  interfaced  to  the  prototype  and  its  conver- 
sion and  input  selection  functions  were  checked.  Initially,  the  STROBE 
and  TRIG  signals  were  supplied  by  digital  switches  which  were  used  to 
annually  step  through  the  probe  selections  and  start  the  A/D  conversion. 
Then  the  operating  system-supplied  STROBE  and  TRIG  signals  (through 
the  8255)  were  used  to  perform  the  same  functions.  Known  DC  voltages 
were  used  as  inputs  to  the  signal  multiplexer  to  check  the  accuracy  of 
the  conversion.  For  example:  with  the  input  voltage  at  3.00  volts,  the 
A/D  converter  output  was  96H  (150),  where: 
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ISO 

X 5.00  = 3.00  (17) 

250 

This  testing  ensured  accurate  conversion  of  the  data  by  the  DAS  1128 
and  proper  manipulation  of  the  data  by  the  operating  system. 

After  the  operation  of  the  DAS  1128  was  verified,  the  data  handling 
technique  of  each  of  the  service  routines  was  tested  by  applying  a 
known  DC  voltage  to  the  seven  analog  inputs.  For  the  3.00  volt  example 
listed  above,  the  routines  that  sum  the  readings  over  the  10  second 
interval  (P02IN,  P020UT,  and  FLWRT)  calculated  a sum  of  7530H  (30,000), 
where, 

30,000 

= 150  • (18) 

200 

Also,  the  ABSPR  routine  stored  a reading  of  96H.  To  check  the  X,  Y, 
and  Z-G  routines,  two  different  DC  voltages  (3.00  and  4.00  volts)  were 
used  during  the  10  second  interval.  Each  of  the  routines  stored  96H 
as  the  minimum  reading  and  C8H  (200)  as  the  maximum  reading.  These 
tests  showed  that  the  prototype  hardware  was  functioning  as  designed  and 
that  the  operating  system  and  its  service  routines  were  exercising  the 
desired  control  and  providing  the  desired  data. 

The  error  handling  software  was  checked  by  forcing  a sensor/service 
routine  mismatch.  The  operating  system  identified  this  error  and 
scheduled  the  ERROR  routine  which  selected  the  proper  sensor  for  the 
service  routine.  A test  was  also  performed  to  determine  how  often  the 
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ERROR  routine  was  being  executed.  The  system  was  run  for  four  hours 
which  provided  over  two  million  chances  for  a sensor/service  routine 
■iamatch.  During  the  test  period,  the  ERROR  routine  was  never  executed. 

As  each  sensor  interface  circuit  was  developed,  it  was  tested 
independently.  It  was  then  connected  to  the  IFPDAS  II  prototype  to 
test  its  integration  with  the  system.  Two  sensors  were  not  available 
(absolute  pressure  and  expired  flow  rate);  therefore,  their  hardware 
interface  and  software  service  routines  could  not  be  verified  using 
actual  sensor  inputs.  However,  simulated  inputs  were  used  for  the 

I 

final  tests. 

The  following  sections  describe  the  final  tests  of  the  completed 
IFPDAS  II  prototype  and  their  results. 

Final  Tests 

Heart  Rate.  The  heart  rate  detector  was  checked  in  the  following 
oianner.  ECG  leads  were  attached  to  a subject  and  input  to  the  detector. 
The  output  of  the  ECG  amplifier  was  connected  to  channel  1 of  a Gould 
Brush  440  strip  chart  recorder  and  the  output  of  the  R-wave  detector  was 
connected  to  channel  2.  This  allowed  simultaneous  recording  of  the  ECG 
and  R-wave  detector  outputs.  Figure  15  shows  a strip  chart  segment; 
and,  a comparison  of  the  IFPDAS  II  prototype  calculated  heart  rate  with 
a manual  computation  directly  from  the  chart. 

The  IFPDAS  II  prototype  uses  eight  R - R intervals  to  calculate 
a representative  heart  rate.  The  end  of  each  averaging  period  was 
marked  on  the  strip  chart  using  the  "mark-event"  indicator;  and  the 
associated  IFPDAS  II  calculation  was  recorded. 
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Fig.  15.  Heart  Rate  Cooputation 


I 

The  two  calculations  shown  in  Figure  15  are  within  .5X  and  are 
typical  of  the  IFPDAS  II  prototype's  accuracy  (Appendix  A).  The 
differences  between  the  two  are  due  to  variances  in  the  chart  speed  and 
quantization  of  the  count  increment  by  the  prototype. 

Oaygen  Partial  Pressure.  The  ojQrgen  partial  presstire  sensor 
a^>lifiers  were  calibrated  to  indicate  152  mm  Hg  (1.00  volt).  The 
full  scale  range  was  then  checked  by  exposing  the  OMll  sensor  to  a pure 
oxygen  source.  The  amplifier  output  was  5 volts,  indicating  760  mm  Hg 
of  oxygen.  This  5 volt  input  (FAH)  was  properly  interpreted  and  stored 
by  the  IFPDAS  II  operating  system. 

Acceleration.  The  Statham  F-15-340  accelerometer  was  interfaced  to 
the  IFPDAS  II  prototype  through  its  amplifier.  The  sensor  axis  was 
oriented  to  indicate  acceleration  in  the  vertical  direction  and  the 
output  of  the  amplifier  was  adjusted  to  1.33  volts  (-t-1  G).  The 
accelerometer  was  then  rotated  90°  to  simulate  a zero-G  situation; 
and  the  output  dropped  to  1 volt  (0  G's).  Finally,  the  sensor  was 
rotated  an  additional  90°  to  simulate  a negative  G situation;  and  the 
output  dropped  to  .67  volts  (-1  G's).  The  IFPDAS  II  prototype  recorded 
the  minimum  and  maximum  G's  (within  0.1  G's)  during  each  ten  second 
interval  of  the  test. 

Absolute  Pressure.  As  mentioned  earlier,  the  absolute  pressure 
probe  was  not  available  for  use  on  the  prototype.  For  this  reason,  a 
known  DC  voltage  was  used  to  simulate  the  absolute  pressure  input.  As 
before,  the  operating  system  stored  the  proper  value. 

Flow  Rate.  Since  the  flow  rate  sensor  was  not  available,  a .20  Hz 
tine  wave  oscillator  was  used  to  supply  the  flow  rate  signal.  The  sine 
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wave  approximates  the  flow  rate  signal  as  shown  in  Figure  16.  (The 
samples  of  the  negative  portion  of  the  sine  wave  are  "0"  since  the  A/D 
converter  input  range  is  0 - 5 volts.) 
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Fig.  16.  Sine  Wave  Approximation  of  Flow  Rate  Signal  I 

The  amplitude  of  the  sine  wave  was  set  to  3.0  volts  and  the 
frequency  to  .20  Hz  using  an  oscilloscope.  (The  frequency  was  confirmed 
by  the  breathing  rate  - see  the  breathing  rate  test.)  The  sum  of  the 
200  readings  ranged  from  2535H  to  253EH,  averaging  253AH  (9530).  The 
corresponding  approximation  of  the  integral  is 

(9530  counts)  X .05  sec  = 476.50  count-sec  (19) 
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since  there  are  50  counts/volt, 


476.50  count-sec 


50  counts/volt 


= 9.53  volt-sec 


The  exact  integral  yields: 


(20) 


2.5  sec 

2 X J"  3 8in(2Tr(  .2)t)  dt 


12 


.4  TT 


9.55  volt-sec 


(21) 


The  approximation  of  the  integral  is  within  .3%  of  the  actual  value. 
(This  technique  was  also  used  to  check  the  P02IN  and  P020UT  summing 
routines,  with  the  same  accuracy.) 

Breathing  Rate.  The  flow  rate  readings  are  used  by  the  operating 
system  to  determine  the  breathing  rate.  During  the  flow  rate  test,  the 
bi*eathing  rate  routine  recorded  64H  (100)  fifty  msec  counts  per  breath 
which  is  one  breath  every  5 seconds,  or  12  breaths  per  minute. 

The  test  results  show  that  the  IFPDAS  II  prototype  monitors  the 
sensor  inputs  accurately,  and  can  extract  and  store  the  desired  data. 
i^>pendix  A summarizes  these  results  and  discusses  the  prototype's 
accuracy. 
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VI  Suggestions  and  Recommendations 


The  BK10103  Magnetic  Bubble  Memory  System  and  the  TMS9916 
controller  should  be  interfaced  to  the  IFPDAS  II  prototype  and  tested. 
This  will  allow  evaluation  of  the  IFPDAS  II  as  a complete  independent 
system . 

The  data  handlin_  technique  for  the  bubble  memory  system  will  have 
to  be  developed.  This  includes  a software  routine  to  format  the  data 
and  provide  the  commands  necessary  to  store  the  data.  In  addition,  a 
data  retrieval  method  must  be  designed.  This  could  include  direct 
transfer  from  the  bubble  memory  to  a large  land-based  computer;  or 
transfer  of  the  data  to  a digital  cassette  tape.  Transferring  the  data 
to  cassette  tape  might  be  desirable  in  the  field  vdiere  access  to  a 
large  computer  is  unlikely.  The  transfer  of  the  entire  memory  contents 
would  be  accomplished  by  the  IFPDAS  II 's  8080  microprocessor  in  a 
matter  of  minutes,  thus,  freeing  the  bubble  memory  for  another  mission. 
The  data  from  the  first  mission  is  conveniently  stored  for  later 
analysis. 

The  tradeoffs  between  a magnetic  bubble  memory  system  and  digital 
cassette  storage  systems  should  be  investigated  further.  This  could 
include  acquiring  a cassette  tape  system  and  interfacing  it  to  the 
IFPDAS.  The  performance  of  both  systems  could  then  be  directly  compared 
in  terms  of  speed,  ease  of  data  transfer,  power  consumption,  etc. 

There  are  several  methods  to  select  the  "important"  data  for 
reduction  and  storage,  in  addition  to  the  one  selected  for  the  IFPDAS 
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II  prototype.  Two  others  are  a breath-by-breath  analysis  and  a "store- 
on-significant-change"  technique.  The  breath— by— breath  analysis  would 
be  similar  to  the  method  used  in  the  prototype;  except  that  the  data 
would  be  stored  every  breath  instead  of  every  ten  seconds.  A digital 
differentiation  technique  could  be  employed  to  detect  significant  changes 
in  selected  parameters.  The  operating  system  would  then  analyze  the 
change,  then  collect  and  store  any  required  data.  A thorough  analysis 
of  expected  flight  profiles  must  be  made  in  order  to  determine  which  of 
the  acquisition  techniques,  or  combination  of  techniques,  would  be 
most  desirable  for  a given  profile.  (This  profile  analysis  may  also 
effect  the  final  choice  of  memory  system.) 

An  absolute  pressure  sensor  and  a bi-directional  flow  sensor 
should  be  acquired  and  interfaced  to  the  IFPDAS  II  prototype.  With 
these  sensors,  and  the  present  OMll  sensors,  a more  accurate  analysis 
of  the  oxygen  consumption  can  be  made.  A suggested  method  incorporat- 
ing a single  breath  analysis  is  given  in  ^pendix  I. 

The  prototype  should  be  reduced  to  the  IFPDAS  II  size  restrictions. 
This  will  include  eliminating  the  unnecessaiy  components  on  the  SBC 
80/20  board;  and  should  include  consideration  of  newly  developed  chips 
idiich  combine  the  functions  of  several  chips  into  one  unit.  (An  example 
is  Intel's  new  8085  microprocessor  and  component  family.  The  components 
on  the  SBC  80/20  board  that  are  needed  for  the  IFPDAS  II  system  can  be 
replaced  by  three  8085  system  chips.  These  components  use  only  3 watts 
of  power,  can  be  placed  on  a 3.25"  x 4.5"  printed  circuit  board,  and 
are  lOOX  software  compatible  with  the  8080  (Ref  6:109-113).)  Once  the 
configuration  is  reduced,  the  power  consumption  should  be  carefully 
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considered.  At  this  time,  the  complete  IFPDAS  II  can  be  evaluated 
against  the  design  criteria  specified  by  SAM. 

Other  areas  that  should  be  investigated  further  include:  the 
capability  to  record  the  pilot's  voice  and  synchronize  it  with  the 
data;  a probe  check  routine  which  would  give  a visual  indication  if 
the  probes  were  not  properly . interfaced ; and  a standard  test  device 
to  bench— check  the  entire  IFPDAS  II  operation. 
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Appendix  A 


System  Characteristics 


■J 


r 
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Assuming  accurate  probe  input  and  - bit  accuracy  (-  10  mv) 


SBC  80/20 


•••  5 VDC  - 5%  » 3.5  Amps 

. 5 VDC  - 5%  9 .180  Anps 

•f  12  VDC  - 5%  9 .467  Amps 

- 12  VDC  - 5%  9 .123  Amps 

DAS  1128  and 

Sensor  Interfaces:  -f-  15  VDC  - 3%  9 .050  Amps 

- 15  VDC  - 3%  9 .100  Amps 

+ 5 VDC  - 3%  9 .500  Amps 


Table  III 
Memory  Map 


Hexadecimal 

Use 

Address 

0000  - 03DF 

Operating  System 

03E0  - 03FF 

Interrupt  Jump  Table 

0400  - OFFF 

Unused  PROM 

1000  - 37FF 

Hot  Used 

3800  - 3BFF 

(Aiused  RAM 

3C00  - 3C2F 

CPU  Scratch  Pad  Area 

3C30  - 3F4F 

Unused  RAM 

3F50  - 3F80 

CPU  Stack  Area 

3F81  - 3FFF 

Unused  RAM 
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Table  IV 


Pin  Connections  for  DAS  1128  Interface 


Odd  numbered  pins  are  GND 
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Table  V 

Pin  Connections  for  Heart  Rate  Detector  Interface 


SBC  80/20  Board 

Component  Board 

Signal 

J2  Pin 
Connection 

J4  Pin 
Connection 

Signal 

Port  2 - Bit  7 

2 

2 

Bit  6 

4 

4 

N/C 

Bit  5 

6 

6 

N/C 

Bit  4 

8 

8 

N/C 

Bit  3 

10 

10 

N/C 

Bit  2 

12 

12 

N/C 

Bit  1 

14 

14 

N/C 

Bit  0 

16 

16 

N/C 

IBFA 

18 

18 

N/C 

N/C 

20 

20 

N/C 

IBFB 

22 

22 

N/C 

N/C 

24 

24 

N/C 

STBA 

26 

26 

STB 

N/C 

28 

28 

N/C 

N/C 

30 

30 

N/C 

STBB 

32 

32 

N/C 

Port  1 - Bit  7 

34 

34 

B1  (MSB) 

Bit  6 

36 

36 

B2 

Bit  5 

38 

38 

B3 

Bit  4 

40 

40 

B4 

Bit  3 

42 

42 

B5 

Bit  2 

44 

44 

B6 

Bit  1 

46 

46 

B7 

Bit  0 

48 

48 

B8  (LSB) 

225  Hz  Clock 

50 

50 

Clock 

Odd  numbered  pins  are  GND 


Table  VI 


Hazeltine  Interface  Connections 


signal 

J3  Pin 
Connection 

Hazeltine 

Connection 

Signal 

Protective  GND 

2 

1 

Protective  GND 

Transmit  Data 

4 

2 

Transmit  Data 

Receive  Data 

6 

3 

Receive  Data 

Request  to  Send 

N/C 

Clear  to  Send 

10 — 1 

N/C 

Signal  GND 

14 

7 

Signal  GND 

— 5 

Clear  to  Send 

•fl2  volts 

22 

— 6 

Data  Set  Ready 

8 

Data  Carrier  Detect 

Unused  pins  are 

not  shown 

Table  VII 


Other  Characteristics 

Maximum  analog  inputs 

16 

Analog  input  impedence 

> 10^*^  ohms 

Analog  input  voltage 

0 - 5.12  volts 

Sampling  rate 

20  Hz 

Machine  cycle  time 

465  nsec 

Timer  clock  period 

930  nsec 

Heart  rate  clock 

225  Hz 

Transfer  (baud)  rate 

1200  baud 
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Appendix  B 
Operating  System 

The  operating  system  controls  the  operation  of  the  IFPDAS  II 
prototype  hardware.  Execution  of  the  operating  system  by  the  CPU 
results  in  initialization  of  the  system  and  acquisition,  reduction, 
and  storage  of  the  data.  The  operating  system  selects  the  proper  input 
sensor,  starts  the  A/D  conversion,  and  inputs  the  data  for  reduction 
and  permanent  storage.  In  addition,  it  ensures  that  the  proper  service 
routine  receives  the  data. 

A flow  chart  of  the  operating  system  starts  on  this  page;  a 
listing  of  the  program  follows  the  flow  chart. 


r 

Power  on  Interrupt 


rig.  19.  Operating  System  Flow  Chart  (Sheet  1 of  9) 
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Fig.  19.  Operating  System  Flow  Chart  (Sheet  2 of  9) 


P020UT: 


Fig.  19.  Operating  System  Flow  Chart  (Sheet  3 of  9) 


Fig.  19.  Operating  System  Flow  Chart  (Sheet  7 of  9) 
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fJMB  IS  JJgJ 

WHi  CPU  JiyaiT  cup;^ 


XFPOAS  tl  OPOTOTYPE 
OPEilATIN';  SYSTEM 


THIS  “P.OGP.AM  C0t4TP0LS  T^E  OPEPATtON 
OF  "ME  IFPOAS  II  PROTOTYPE  HftROMARE. 
EXECUTION  OF  THE  0“FRfiTINr-  SYSTEM  SY  TH£ 
CPU  RESULTS  Itl  INITIALIZATION  O'"  THE 
SYSTEM  ANO  ACOUISITION,  REOUCTION,  ANO 
STORAGE  0=’  THE  nA"A.  TH£  OPERATING 
SYSTEM  SELECTS  THE  pRO°ER  INPUT  SENSOR, 
STARTS  THE  A/0  rONi/EPSION,  ANO  INPJTS 
THE  DATA  FOR  FEpuCTION  ANO  PERMANENT 
storage.  IN  AOPITIOh,  IT  ENSURES  THAT 
THE  PO0»ER  SERVICE  ROUTINE  RECEIVES 
THE  DATA. 


THE  OPERATING  SYSTEM  CONSISTS  OF 
THE  FOLLOWING  RFOGRAM  MOOULES* 

PMRUP  - CONFIGURES  THE  IFpOAS  II 

hardware  for  the  data 

ACOUISITION  FUNCTION 

T5CHS  - RESETS  THE  5C  MSEC  TIMER 
ANP  STARTS  THE  PROGRAM 

loop 

EOC  - obtains  the  data  ANO  PASSES 
IT  TO  "HE  APPROPRIATE 
SERVICE  ROUTINE 

P02IN  - INSPIRED  OXYGEN  PARTIAL 
PRESSURE  SERVICE  ROUTINE 

P020UT  - EXPIRED  OXYGEN  PARTIAL 

PRESSURE  SERVICE  ROUTINE 

FLWRT  - FLOW  RATE  SERVICE  ROUTINE 

* BRRT  > BREATHING  RATE  CALCULATIONS 


I 


6X  - X-C»S  SERVICE  ROUTINE 

6Y  - T-G»S  SERVICE  ROUTINE 

6Z  - Z-G»S  SERVICE  ROUTINE 

XBSPR  - ASEOfJTE  PRESSURE 
SERVICE  ROUTINE 

HEART  - HEART  PATE  CALCULATIONS 

CNTCK  - TEH  SECOND  COUNTER 

STORE  - OUTPUTS  THE  DATA  EVERT 
1C  SECONDS 

ERROR  - CORRECTS  SERVICE  ROUTINE 
PROBE  MISHATCHES 

THE  operating  system  INCLUDES  THE 
POLLOWNG  SUBROUTINES* 

STRTAO  - CALLS  STROBE  ANO  TRIGGR 

STROBE  - INCREHEMTS  THE  OAS  1128 
HUX  AOOR 

TRIGGR  - STARTS  THE  A/B  CONVERSION 

SUH  - PERFCR**S  DOUBLE  PRECISION 
ADDITION 

AVG  - PERFORHS  BATA  AVERAGING 

IMT  - INITIALIZES  CPU  SCRATCH  PAD 

OTOUT  - PREPARES  BATA  FOR  OUTPUT  ANO 
CALLS  ASCII  AND  PRINT 

ASCII  > CONVERTS  BINARY  DATA  TO  ASCII 

PRINT  - OU-^PUTS  ASCII  CHARACTER 
TO  THE  CONSOLE 
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KXMi  OOPY  yURM-T  SHEm  jiq  nog  _ 
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1 • 
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EOU 
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5TURNS  ON  TRIGGER  (SETS  C7) 
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EOU 

OEH 

5TURNS  OFF  TRIGGER  (C7  OFF) 

3aE7 
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EOU 

0E7H 

5PSEU00  AOOP  FOR  0 AS  1128 

5 VIA  PORT  : OP  8255  #1 

1036 

CONS 

EOU 

036H 

5CTR  0 TO  HOOE  3 
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EOU 

07i)H 

5rT»  1 TO  HOOE  0 

ii'ie 

C2N7 

EOU 

09&H 

5CTR  2 TO  HOOE  3 

line 

CT9C 

EOU 

OOCH 

(COUNTER  0 PORT 

1300 

CTNl 

EOU 

300H 

(COUNTER  1 PORT 

330E 

C^R? 

EOU 

OOEH 

(COUNTER  2 PORT 

saor 

TNC® 

EOU 

OOEH 

lA 

(TIhfr  rOHHANO  PORT 

tCMl 

sou 

0P6M 

t INTERRUPT  CID  NORO  1 

300^ 

ICW2 

sou 

303H 
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ICCBl 

sou 

COAH 
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ICCP2 

sou 
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SINT  CONTROLLER  3MO  PORT  2 

a90(» 

IMISK 

sou 

OtH 

SINT  MASK  VALJE 

S MASKS  OPF  LEVEL  2 

3308 

HSKPT 

• 

sou 

0D8H 

SINT  mask  PORT 

032? 

TPMLO 

ECU 

2CH 

SRPEATHING  RATE  THRESMOLO 

10-P 

FL4K 

• 

EQU 

OFFH 

SSET  FLAG  VALJE 

3 3F0 

• 

HUtMSK 

EOU 

OFOH 

SMASK  FOR  MUX  AOOR 

3 360 

P313CMT 

EOU 

60H 

SPRORE  COUNT  (#0  - 6» 

0 320 

EOIC 

EOU 

020H 

SFNP  OF  INT  CMD  WRO 

3311 

8VTES 

EOU 

0170 

S#  OF  OUTPUT  9YTES 

3908 

toes 

• 

EOU 

110 

S#  OF  toes  TO  3E  ZEROE3 

OO^P 

# 

esp 

EOU 

7EH 

SASCII  COOE  for  'CS.* 

181€ 

p^ 

EOU 

lEM 

SASCII  COOE  P3R  'PRINT* 
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XBIS  PAGE  16  BBST  QUALITY  FRACTlfiAlfiE 

moil  COPY  runusuES)  ioqqq  ^0^ 


POWER  UP  ROUTINE 


THE  »OHER-UP  ROUTINE  IS  EXES'JTEO  WREN 
THE  HARDWARE  RECOGNIZES  THAT  POWER  HAS 
SEEN  applied  to  THE  I^PDAE.  (THE  POWER- 
UP  'ESET  TRIGGERS  0''E  THE  *5  VOlT  SUPPLY.) 
THE  B251  COMH'JNICATIPN  INTERFACE  (USART), 
3251  I/O  PORTS,  9253  TIMEPS,  9259 
INTERRUPT  CONTROLLSP,  HAS  1128  DATA 
ACCl'ISITIOH  HOPULE,  AND  THE  CPU  SCRATCH 
PAD  STORAGE  AREA  ARE  ALL  INITIALIZED. 

THE  POWER-UP  ROUTINE  STARTS  THE 
5C  NSEC  TIMERS  WHEN  IT  TIMES  OUT,  THE 
oporRAM  LOOP  IS  ENTERED  AND  THE  DATA 
ACOCISITION  FUNCTION  IS  3EGUN. 
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302'' 

0303 

OUT 

CTRO 

tFSTARLlSHES  225  H7  CLOCK 

33?E 

7E12 

HWl 

A,012H 

: FOR  HEART  RATE  CIRCUIT 

3331 

0303 

OUT 

CTRO 

3333 

3E75 

HVI 

AyClHO 

tRESET  YImER  1 

3335 

030P 

OUT 

THCP 

333"'’ 

SE95 

HVI 

AtC2H3 

:iNIT  COUNTER  2 pQR  BAUD 

3179 

030P 

OUT 

THCP 

t RATE 

31*0 

3E39 

HVI 

A»S60 

33  30 

030E 

OUT 

CTR2 

JESTABLISHES  1200  BAUD  RATE 

113E 

AP 

XRA 

A 

t POR  HA7ELTINE  CRT 

33<‘0 

030- 

OUT 

CTR2 
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PA®  IS  BIST  QUALITY  PRACttCAfilil 

JBWI  OOP!  FURMlSHij)  IQ  ODQ  ___ 


OAS  1120  ZN1TIALX7ATIOM 

SEOUEHTIALLV  TRIGGERED 

ONE  CONVERSION 

REiiD  'inv  AOOEESS  INe^O 

CONVERT  UNTIL  MUX  AOOR 

EffJALS  PRPCNT 

30<»? 

COC902 

CALL 

TRIC6R 

tSTARTS  A CONVERSION 

13US 

OREa 

PWRU^t  IN 

STATl 

tINPUT  STATUS  3F  8255  *1 

031*7 

E60’ 

ANI 

B3FMSK 

JMASXS  I9F5 

111.'!* 

CA^aOO 

JZ 

PNRUP 

JLCOO  IF  STILL  GONVfPTING 

331*0 

ONES 

IN 

MUX 

SRFAOS  IN  MUX  AOOR  L 4 LSB 

aikE 

ESFO 

ANI 

MUXMSK 

JSAVES  “7-04 

33S0 

PE53 

CPI 

PP.aCNT 

:CO*<“ARE  MUX  A03R  TO  LAST 
: AOOR  (INPD  IN  SITS  7-4) 

1357 

CA550Q 

JZ 

lOA 

tjU-P  IF  MUX  AODR  = PROCNT 

1135 

005302 

CALL 

STRTAO 

tSTART  A CONVERSION 

3158 

CI4500 

JMF 

PNRUP 

IBIS  PAGE  IS  BEST  QUALITY  PBACTlCABLi 

mOH  OQPY  FURMISHEa)  2X)  WiC  - 


j 

I 


THIS  SECTIO*^  INITIALISES  THE 
STORAGE  AREA.  TIME,  PIMSH 
POUTS,  HRT9T,  GXNAX,  5VNAX,  I 
CZMAX  ARE  7ER0F0.  THEN  OF^H 
IS  LOAOHO  INTO  GXMIh,  SYHIN, 
t 6ZMIN.  zaoo  IS  LOADED 
INTO  the  ten  SEC  COUNTER. 


31fP 

AF 

lOAt 

XRA 

A 

935C 

Z1033C 

LXl 

M,T1ME 

tZCRO  TIME  COJNT 

BYTE  1 

nsF 

77 

HOV 

H,A 

116C 

Z3 

INX 

H 

S7FR0  TIME  COUNT 

BYTE  2 

1961 

77 

HOV 

M,A 

J362 

COE702 

CALL 

INIT 

tINITIALIZE  PINSN 

TO  3ZMIM 

3965 

21133C 

LXI 

H,TENSC 

3 3f.A 

36C9 

MVl 

M,200D 

:SETS  THE  COUNTER 

TO  200 

33M 

AF 

XRA 

A 

lO&R 

160P 

MVI 

0,15 

oisn 

23 

IMA  11 

INX 

H 

tZEROES  THE  Ei/ENT 

COUNTERS 

03SE 

77 

NOV 

NtA 

: AND  TEMPORARY 

RUNNING 

13fF 

15 

OCR 

0 

1 SUMS 

oa-o 

025303 

t 

JNZ 

IDAl 

THIS  SEFTION  STARTS  THE  53  MS 

TIMEB.  HHfN  THE  TIie^  EXPIRES 
THE  PROGRAM  LOOP  IS  ENTERED 
AT  TP CMS. 


aory 

t 

3EE5 

MVI 

A,0E5H 

1 

OITP 

3303 

OUT 

CTRl 

;m0VES  E5 

TO 

.50  OF  COUNTER 

lO’T 

3E01 

NVI 

A,001H 

i 

3170 

0303 

OUT 

CTRl 

tMOVES  ni 

TO 

N5B  OF  COUNTER 

aOTR 

FO 

Et 

1 

oorc 

76 

HIT 

IMAIT  FOR 

50 

NS  riHER 

lOTM 

00 

NOP 

81 


SHIS  PAQE  IS  BBST  QUALITY  FRACTICA3I4 
raOII  OOPYFURMISHKD  lODDC 


P^OCRAH  LOOP 


THE  P90GRAH  LOOP  IS  EXECUTED  HHEN  THE 
50  ^SEC  TIMER  EXPIRES.  IT  CONTAINS  THE 
SERVICE  ROUTINES  - ONE  FOP  EACH  »HTSIO- 
LOC-ICAL  AMO  ENVIRONMENTAL  SENSOR.  THE 
DATA  IS  collected  RX  THE  ENO-OP-CONVERSION 

(Eoc)  routine  which  averages  6 samples 

INTO  1 READING  WHICH  IT  PASSES  TO  THE 
APPFOPRIATE  SUBPOUTINE. 

THE  “ENO-OF-COMV'’RSION"  IS  DETECTED 
BY  CHECKING  THE  ••INOUT-OUFPER-PJLL"  (I“F) 
STATUS  BIT.  THIS  MfTHOO  WAS  USED,  INSTEAD 
OF  HAVING  THE  8?5E  INTERRUPT  the  CPU,  TO 
ELIMINATE  THE  OVERHEAD  TO  HAVE  THE  CPU 
HANCLF  the  INTERRU»T.  the  TIME  TO 
COMPLETE  THE  CONVERSION  IS  KNOWN,  25 
MICPO-SEC:  ANO,  NORMALLY,  THE  TIME  FROM 
THE  TRIGGER  TO  THE  CHECK  CE  the  IRF  BIT 
IS  fORE  THAN  25  MIC^O-SEC. 


IBIS  PAGE  IS  BEST  QUALITY  PRACflCABlS 
IS90|I1  CSOP  Y f UKlilSHED  TO  


TIMER  INTERRUPT  HANDLER 

• 

• 

* 

1 

THIS  COnE  IS  exECUTEO  WHEN  THE 

50  MS  TIMER  EXPIRES 

• 

• 

* 

1 

THE  TIMER  IS  RESET  AND  THE 

FIRST  CONVERSION  (=02  IN) 

IS  STARTED 

• 

) 

j 

NXTPR  IS  USED  BY  THE  END  OF 
CONVERSION  (EOC)  ROUTINE 

TO  DETERMINE  WHICH  ORORE 

HAS  SAMOLEO.  THE  ADDR  OF 

THE  INDIVIDUAL  PR03E  SERVICE 
ROUTINE  IS  STOREO  IN  NXTPR, 

« 

• 

• 

• 

• 

! 

1 

t 

> 

1 

337E 

» 

3Er3  T-JDMSt  MVI 

A,C1M0 

(RESETS  COUNTER  1 

008C 

OSOP 

OUT 

TMCP 

3162 

3EE5 

MVI 

A,0E5H 

(MOVES  E5  TO  LS9  OF  COUNTER  j 

' 

136** 

030D 

OUT 

CTRl 

1 

oosr. 

3E01 

MVI 

A.OOIH 

(MOVES  Cl  TO  -ISO  OF  COUNTER 

33)3 

0300 

OUT 

CTRl 

i 

1 

3)6A 

3E2] 

MVI 

A,EOIC 

(RESETS  “IN  SERVICE"  9IT  ! 

3 3Ar 

030A 

OUT 

ICCPl 

t 

! 

036E 

CO9302 

CALL 

STRTAO 

(INCR  THE  MUX  AOOR  (TD  00)  \ 

( AND  START  A CONVERSION  f 

I3«l 

21C900 

LXI 

M,P02IN 

(SET  AOOR  OF  "P02  IN" 

( SERVICE  ROUTINE 

30Rfc 

22113C 

SHLC 

MXTPR 

(STORE  ADO®  IN  NXTPR 

; 

3fl«7 

33 

INX 

SP 

(RESTORES  SP  TO  ORIGINAL 

; 

3396 

3939 

33 

C39000 

INX 

JMP 

SP 

EOC 

( VALUE 

83 
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SHIS  PA®  IS  BEST  QUALITY  PRAdlCAfiLB 
roOM  OOlPy  FURNISHED  TO  DDC  

t 

t • 

* • 

1 • 
t • 

• 

• 

EM0-0F-C0NVER<5I0M  CEOC)  ROUTINE  • 

• 

1 • 

« • 

• 

THIS  COPE  GENEj^ATES  EIGHT  • 

t • 

t • 

CONVrRSIOKI?  WHICH  A»£  SUHH£0  • 

AMO  PIVIOEO  9Y  8 TO  OBTAIN  ♦ 

AN  AVERAOF  REAriMG  - THUS  • 

R.E0UCIN6  THE  NOISE  EFFECT.  ♦ 

’ 

* » 

THE  SUM  IS  STOREO  IN  MIL.  0 • 

1 ♦ 

1 • 
t * 

» • 

CONTAINS  THE  COUNT  0^  THE  ♦ 

CONVERSIONS.  '^HE  AVERAGE  • 

READING  IS  OASEEO  TO  THE  • 

SERVICE  ROUTINES  IN  E.  • 

AFTER  THE  AVERAGE  HAS  SEEN  COM-  • 

* • 

» • 

PUTEO,  the  mux  A30R  IS  • 

09TAINE0  ANO  MASKED  OFF  ♦ 

t * 

THEN  A JUM*  INDIRECT  IS  ACCOMP-  ♦ 

* ♦ 

LISHEO  TO  THE  SERVICE  ROUTINE  • 

• 

* • 

1 • 

t * 

AOOR  STORfO  IN  NXTPR  • 

# 

♦ 

0 3Pr 

zia:oo 

t 

£001 

LXI 

H,Q  S7FR0ES  HAL  ^OR  SUM 

i 

1633 

9W1 

0,8  JFFT  COUNTER 

aiAi 

09E3 

£0011 

IN 

STATl  :IN3UT  STATUS  OF  8255  il 

00A7 

£632 

ANI 

39FMSK  :HAr<S  IBF9 

3J«? 

CAAlOO 

JZ 

EOCl  tJlIMO  ir  STILL  CONVERTING 

03AA 

15 

OCR 

0 tOECREMEMT  COMV  COUNTER 

J3Aq 

CA9900 

JZ 

E0C2 

aSAC 

COC302 

CALL 

TRIG3R  tSTART  THE  NEXT  CONVERSION 

J3AP 

09£i» 

ZN 

DATA  tINPUT  THE  CONVERTED  DATA 

3 3><ll 

2E 

CNA 

SCOMPLE“ENTS  DATA  FROH 
t INVERTING  DRIVER  <82261 

9a'»2 

000302 

CALI 

SUM  :aoo  data  to  RJNNING  S-JH 

33'''5 

01A103 

JMP 

EOCl 

9398 

09£i* 

£0021 

IN 

OATA  SINPUT  the  dTM  READING 

J39A 

2F 

CNA 

tC0><PLFMEHTS  OATA  FROM 
: INVERTING  DRIVER  (8226) 

3319 

000302 

CALL 

SUM  :A00  to  RUNNING  SUN 

a3’»E 

OOOE02 

CALL 

AVG  :AVERAGF  THE  RJNNING  SUN 

93C1 

09E3 

IN 

MUX  tRFAOS  IN  MUX  AOOR  1 k LS9 

33C1 

E6F0I 

ANI 

MUXMSK  tSAVES  B7-9A 

•33C5 

2A1130 

LMLC 

NXTPR  S9PANCM  INOIREOT  TO  THE 

)oce 

£9 

PCMl 

t AOOR  IN  NXTPR 

84 
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Quaii  rr  mmcAfiM 

OOPY  PURWIshKD  2X>  DDC  - 


jir.R 

060 

P02IMI  HVI 

9,a0H 

tPUT  DESIREO  iJX  AOOR  IN  9 

33CR 

BS 

CHP 

9 

:IS  THE  MUX  ADDR  0 ? 

JOTC 

C29R02 

JN7 

ERROR 

:IF  NOT  THERE  IS  AN  FRROR 

3 JCP 

cor: 02 

CALL 

STRTAO 

tSTART  THE  NEXT  CONVERSION 

330? 

21E203 

LXI 

H,P020UT 

!GET  AD'^R  OF  "302  OUT" 

: SERVICE  ROUTINE 

33r»« 

22113C 

SHLC 

NXTPR 

tSTORE  AODR  IN  NXTP» 

330S 

2A023C 

LHLD 

PINSM 

TPLACE  THE  P02IN  RUNNING 
t SUM  IN  HLL 

tNOTEl  E HOLDS  THE  AV6  DATA 
X 0 IS  ZERO 

3309 

19 

OAO 

0 

SKSL  » HAL  ♦ DAE 

0300 

22C23C 

SHLC 

PINSH 

tSTORES  NEH  SJM  IN  PINSM 

OOOF 

C39C00 

JHP 

EOC 

! 


this  is  the  SE'lVirE  RCITIME 
FOR  P02  IN 


THE  NEXT  CONVERSION  IS  STARTEO 
<P02  OUT).  THF  AOOR  OF  P020UT 
IS  STORED  IN  NXTPR  . THE 
CURRENT  REAOINP  OF  »D?IN  IS 
INPUT,  THEN  AOOED  TO  THE 
PREVIOUS  SUN,  ANO  STORED 
IN  PINSN  . 

OOU9LE  PRECISION  AOOITION 
«OAO)  IS  USED 


THE  A REG  CONTAINS  THE  iJX  AOOR 
IN  BITS  7-4  (XOH) 


Sif  QUAiyiry  FRAcnmix 

OOPY  FURNisiiBj)  1V>  HDC 


1 

I 

t 

m 

• 

I 

• 

THIS  IS  THE  SERVICE  ROUTINE 

t 

t 

• 

• 

FOR  P02  OUT 

• 

1 

9 

• 

• 

THE  NEXT 

CONVFRSION  IS  STARTED 

t 

• 

(FLOW 

RATE).  THE  AD3R  OF 

9 

• 

flmrt 

IS  STOREP  IN  N<TPR. 

9 

• 

THE  CURRENT  READING  OF  P020UT 

t 

• 

IS  INPUT,  THEN  ADDED  TO 

9 

♦ 

THE  PREVIOUS  SUM,  AN3  STORED 

9 

• 

IN  POUTS. 

1 

t 

00U9LE  PRECISION  AOOITI3N 

9 

9 

• 

% 

(OAO) 

IS  USED 

9 

9 

• 

THE  A REG 

CONTAINS  THE  HJX  AOOR 

9 

9 

9 

• 

• 

IN  BITS  T-i*  (XOH). 

3ir? 

061J 

9 

9 

P020tlTl 

•1VI 

9,10H 

SPOT  DESIRED  iJX  AOOR  IN 

6 

33E>> 

39 

CMP 

a 

:IS  THE  MUX  AOOR  1 ■» 

13E5 

C29’02 

JN7 

ERROR 

:IF  NOT,  THERr  IS  AN  ERROR 

3 3E« 

CO9302 

CALL 

STRTAO 

SSTART  the  next  CONVERSION 

33E»^ 

21^300 

tvi 

h,flwrt 

tOET  AOOR  OF  -PUOH  RATE" 

t SERVICE  ROUTINE 

38EE 

22113C 

SHLC 

NXTPR 

(STORE  AOOR  IN  NXTPR 

son 

2A0<»3C 

UHLO 

POUTS 

(OLACE  the  »020UT  RUNNING 

» SUM  IN  H^L 

(NOTEt  F HOLDS  THE  AVG  DATA 

9 P IS  2ERO 

ajrii 

19 

OAO 

0 

(H«L  « HU  ♦ 0(E 

33P' 

22843C 

SHLC 

POUTS 

(STORES  NEW  SJM  IN  POUTS 

3 3FS 

039309 

JHP 

EOC 

86 


3o«-o 

0131 

0104 

010’ 

0101 


oicn 

OlOF 


IBIS  PA®  IS  BSST  QUAIflTY  PRACIlCAte* 
raOM  OOPY  FUKHISHjSO  10  CiDC 


THIS  IS  THE  SERVICE  ROUTINE 
FOR  FLOH  RATE 


THE  NEXT  CONVERSION  IS  START EO 
THE  AOOP  OP  GX  IS  STORED  IN  NXTPR 
THE  CUREENT  PEAOING  OF  ^LOH  RATE 
IS  INPUT,  THEN  AOOE3  TO  THE 
PREVIOUS  SUN,  ANO  STORED  IN 
FLRTS 

DOUBLE  PRECISION  A00ITI3N  (OAO) 

IS  USED 

THE  A RFC  contains  THE  NJX  AOOR 
IN  BITS  7-4  (XOH) 


0620  FLMRTI  NVI 

9,20H 

98 

CMP 

9 

C2?'»a2 

JN7 

ERROR 

CO9302 

CALL 

STRTAO 

2143C1 

LXI 

H,r,x 

2211?C 

SHLD 

NXTPR 

2A0&3C 

LMLP 

FLRTS 

19 

OAO 

0 

22:630 

SHLO 

FLRTS 

tPl'T  OESIREO  NJX  AOOP  IN  9 
SIS  the  mux  AOOR  2 ? 

SIP  NOT,  THERE  IS  AN  ERROR 
tSTART  THE  NEXT  CONVERSION 
SGE’  AOrR  O'  “X-G*S“ 

S SERVICE  ROUTINE 

SSTORP  THE  AOOR  IN  NXTPR 

SPLACE  THE  flowrate  PUNNING 

! SUN  IN  MIL 

SNOTEt  F HOLDS  THE  AV3  OATA 

S P IS  TERO 

SMIL  » MIL  ♦ 31E 

tSTORES  NEW  3JN  IN  FLRTS 


87 


DKS  PA®  IS  BfcST  QUALln  FBACllOAfia 

JStoM  QOiPY  FURMISiiEQ  PO  JIDC  


• 

THIS  SECTION  USES  THE  CURRENT 

# 

REAOINR  OF  FLOW  RATE  TO 

• 

DETECT  A NEW  BCFATM  AMO 

# 

COUNT 

THE  MUHRFR  OF  INTERVALS 

BETWEEN  BREATHS. 

• 

THE  NEW 

BREATH  IS  OETECTEO  WHEN 

THE  FLOW  PATE  FEADINS  IS  FOUND 

• 

TO  BF 

BELOW  THE  THRESHOLD  4 

% 

TINES 

IN  A ROW. 

THE  NUMFER  OF  5C  MS  INTERVALS 

• 

BETWEEN  BREATHS  IS  STORED 

IN  BTHRT. 

• 

E HOLDS 

The  FLOW  RATE  REAOING 

TFLA6  HOLDS  THE  THRESHOLD  FLAB 

THCNT  HOLDS  THE  THRESHOLD  COUNT 

• 

• 

• 

THCNT  HOLDS  THE  5C  NS  COUNT 

till 

21irS3 

LXl 

H» THCNT 

:get  aopr  of  50  ns  count 

Otl» 

34 

INF 

N 

tINCRENENT  THE  COUNT 

Otis 

73 

flOV 

A,E 

JHOVE  current  REAOING  TO 

A 

Otlf. 

PP23 

CPI 

TRHLO 

tCONPARE  TO  THRESHOLD 

oils 

9A2301 

JC 

BRRTl 

:JUHP  IF  BELOW  THRESHOLD 

011« 

AF 

XRA 

A 

one 

321?3C 

ST  A 

THCNT 

!7EPO  the  threshold  COUNT 

0ll«’ 

321939 

STA 

TFLA6 

t AND  THRESHOLD  FLAG 

01-*» 

C73C30 

JHP 

EOC 

:^o^?E 

ci?s 

3A193C 

3 

^.^Tl  1 

LOA 

TFLAG 

:get  thpesholo  flag 

01?9 

FEFF 

CPI 

FLAG 

JIS  IT  SET? 

OtZA 

CA3900 

J2 

EOC 

:OONE  ir  already  set 

01?n 

3A197C 

LOA 

THCNT 

SGET  threshold  COUNT 

013C 

3C 

INF 

A 

tINCRENENT  THE  COUNT 

01?1 

72193C 

STA 

THCNT 

tSTORE  NEW  THRESHOLD  CNT 

OlSfc 

F£34 

CPI 

4 

OlSfi 

C29900 

JN7 

EOC 

tDONE  IF  .NE.  4 

Ol?*^ 

SEFS’ 

MVI 

A, FLAG 

Ol?'< 

321933 

STA 

TFLAG 

tSET  threshold  ^LAG 

013E 

7E 

NOV 

A,N 

tGET  50  HS  COUNT 

t (MIL  SET  TD  TNCNT) 

017'’ 

21103C 

LXI 

H» BTHRT 

0142 

77 

NOV 

N,» 

(STORE  COUNT  -DR  OUTPUT 

014’ 

AF 

XPA 

A 

0144 

321730 

STA 

TNCNT 

(ZERO  THE  50  NS  COUNT 

Cli’ 

32193C 

STA 

THCNT 

t ANO  THRESNOLO  COUNT 

014A 

C39390 

ANP 

EOC 

88 


mis  PASS  IS  BtST  QUALITY  FRACHCAI^ 
JIKlllOOiPXFURIUSHEDTODD.C 


THIS  ZS  TH£  SERVICE  ROUTINE 
FOR  X-C*S 


THE  NEXT  CONVERSION  IS  STARTED 
THE  AOOP  OP  GY  IS  STOPEO  IN  NXTPR 
THE  CURRENT  READING  OP  i(-3*S 
INPUT.  EIGHT  READINGS  ARE 
AVERAGED  TO  GIVE  AN  AVERAGE 
X-C»S  READING. 

IP  THE  AVG  .GT.  GXMAX  IT  IS 

ZS  STOREP  IN  GXHAX  - IF  .LT, 
CXHZN  IT  IS  STORED  IN  GXNZN 

THE  A REG  CONTAINS  THE  iUX  AOOR 
IN  BITS  r-i»  {X0H» 


lAQ 

3533 

GXI 

HVl 

5»3CH 

tPUT  DESIRED  HJX  AOOR  IN  9 

1<*P 

58 

CNF 

5 

:IS  THE  MUV  AOOR  3 ? 

153 

C25502 

JN7 

ERROR 

!TF  not,  there  is  AN  ERROR 

IP^ 

C05232 

CALL 

STRTAO 

5START  THE  NEKT  CONVERSION 

15G 

215501 

LXI 

H,GY 

:get  aopr  op  “y-g'S** 

! SERVICE  ROUTINE 

l*R 

22113C 

SHLP 

NXTPR 

TSTPRE  AOOR  IN  NXTPR 

15C 

2A1A3C 

LHLP 

XG 

tLOADS  HIL  WITH  X-G'S 

S RUNNING  SJH 

15P 

75 

HOV 

A,E 

:hoves  current  reading  to  a 

IGP 

COC102 

CALL 

SUN 

:aoo  data  to  running  sjh 

!«•» 

3A1C3C 

LOA 

XGCNT 

;ket  x-g  count 

liS 

3C 

ZNR 

A 

TINCREHENT  THE  COUNT 

If’ 

FEDS 

CPI 

8 

15  R 

CA7501 

JZ 

6X1 

tJOHP  IP  XGCNT  .EG.  8 

150 

221A3C 

SHLC 

XG 

tSTORE  PUNNING  SUH  IN  XG 

15P 

321C3C 

ST  A 

XGCNT 

ISTORE  COUNT  IN  XGCNT 

1^2 

C3RC00 

JHP 

EOC 

1^5 

COCE02 

6X1  1 

CALL 

AVG 

:AVPRA6E  the  s readings 

ITS 

AF 

XRA 

A 

1»R 

321C3C 

5TA 

XGCNT 

:7EP0  the  count  ano 

i»r 

321A3C 

STA 

XG 

: the  running  SUH 

ITF 

321530 

STA 

XG4>1 

1A2 

75 

NOV 

A.E 

tHOVES  AVG  data  to  A 

18T 

21383C 

LXI 

H, GXHAX 

!GET  AOOR  OP  NAX  X-G'S 

185 

5E 

CHP 

H 

tCOM»ARF  AVG  VALUE  WITH  HAX 

18-^ 

OASRCl 

JC 

GX2 

•JUMP  IF  A .LT.  GXMAX 

ISA 

77 

HOV 

M.A 

tPEPLACE  IF  A. GE. GXHAX 

ISR 

210S3C 

GX>l 

LXI 

HfGXHZN 

:GET  AOOR  OP  MIN  X-G'S 

lAF 

5E 

CHP 

H 

tCOHAPRF  AVG  VALUE  WITH  MIN 

iSr 

029:00 

JMC 

EOC 

»JU**»  IF  A.GE.GXHIN 

1R2 

77 

HOV 

H*A 

{REPLACE  IP  A.LT.GXHIN 

IRX 

C39:00 

JHP 

EOC 

89 


WIS  PAG®  IS  BBST  QUAI/lIY  FRACfUSlfia 
ISOM  OOiPY  PUBWISHBSD  10  00.Q  


this  is  the  service  routine 

TOR  V-G»S 


THE  NEXT  CONVERSION  IS  STARTED 
CZ-C*S) 

THE  AOOR  OF  r,:»  IS  STORED  IN  MXTPR 

THE  CURPENT  READING  OF  V-';*S  IS 
INPUT.  FIGHT  READINGS  ARE 
AVERAGED  TO  GIVE  AN  AVERAGE 
Y-G»S  READING. 

IF  THE  AV6  .GT.  CYHAX  IT  IS 
STORED  IN  GYHAX  - IF  .LT. 

GYftIN  IT  IS  STORED  IN  GYHIN 

THE  A REG  CONTAINS  THE  N'JX  AODR 
IN  BITS  7-4  (XOH» 


OIRE 

064] 

GYI 

HVI 

9»40H 

tPOT  PESIOED  NJX  AODR  IN  9 

C196 

99 

CMP 

9 

SIS  the  HUX  ADDR  4 ? 

DITO 

C29902 

JN7 

ERROR 

SIF  not,  there  I?  AN  ERROR 

OIRC 

C09302 

CALL 

STRTAO 

SSTART  THE  NEXT  CONVFRSION 

019^ 

21DF31 

LXI 

H,G2 

SGFT  AOOR  OF  “Z-G»S** 

: SERVICE  RDJTINE 

OlA? 

2211SC 

SHLD 

MXTPR 

SSTORE  AODR  IN  NXTPR 

OlAS 

2A1D3C 

LHLD 

Y6 

SLCAOS  HLL  WITH  Y-6*S 
; RUNNING  SJN 

01A9 

79 

HOV 

A,E 

SHOVES  CURRENT  READING  TO  A 

01A9 

COC902 

CALL 

SUM 

SACO  OAfA  TO  RUNNING  SUM 

OlAC 

3AIF3C 

LOA 

YGCNT 

SGET  Y-G  COUNT 

ClAF 

3C 

INR 

A 

SINCREHENT  THE  COUNT 

0193 

F£39 

CPI 

8 

Oi»» 

CA9E01 

JZ 

CYl 

SJONP  IF  YGCNT  .EO.  B 

ClPT 

221D3C 

SHLO 

YG 

SSTORE  “UNNING  SUM  IN  YG 

Oin? 

32ie'3C 

ST  A 

YGCNT 

SSTORE  COUNT  IN  YGCNT 

Olin 

C39C3S 

JMP 

COC 

019^ 

CDCi32 

GYl  1 

CALL 

AV6 

SAVERAGF  THE  9 READINGS 

oini 

AF 

XRA 

A 

OIC? 

321-3C 

ST  A 

YGCNT 

S7ER0  the  count  AND 

01C9 

321D3C 

ST  A 

YG 

S THE  RUNNING  SUM 

otcs 

321E3C 

ST  A 

YG*1 

01'*« 

79 

HOV 

A,E 

SHOVES  AVG  DATA  TO  A 

oi:c 

210A3C 

LXI 

MtGYHAX 

SGET  ADPP  OF  MAX  Y-6»S 

OICF 

9E 

CMP 

H 

SCON»ARF  AVG  VALUE  WITH  MAX 

oils 

DA94C1 

JC 

CY2 

tJUNP  IF  a.lt.gynax 

OlOT 

77 

HOV 

H.A 

SPE“LACF  IF  l.GE. GYHAX 

0194 

21S93C 

GY2t 

LXI 

H»GYHIN 

SGET  AOFR  of  NIN  Y-G»S 

OlO" 

9E 

CHP 

H 

Sr0N»ARF  AVG  VALUE  MITN  MIN 

CIOR 

O29C00 

JNC 

EOC 

tJUH»  IF  A.G=‘.SYHIN 

0109 

77 

HOV 

N,A 

tREPLACC  IF  A.lT.GYHIN 

019C 

C39C00 

AHP 

EOC 
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ms  ?AQ!B  IS  BSST  QUALITY  PBACHCA^BS 
2^  COPY  JVBWSHBD  IOM),Q  ^ 


this  is  the  service  routine 

roR  z-c»s 


THE  NEXT  COtJWETSION  IS  STARTED 
(A9S  PRESS) 

THE  AOOr  OP  A9SPR  IS  STORED 
IN  NXTPR 

THE  CURRENT  ppAOD’C  OP  Z-G*S  IS 
INPUT,  EIGHT  PEAOriSS  ARE 
AVERAGED  TO  GIVE  AN  AVERAGE 
Z*6»S  READING. 

IF  THE  AVG  .GT.  GZHAX  IT  IS 
STORED  IN  GZHAX  - IP  .LT. 
CZHIN  IT  IS  STORED  IN  6ZMIH 

THE  A REG  CONTAINS  THE  HJX  ADOR 
IN  BITS  r-A  CXCH) 


91DP 

065C 

t 

GZi 

NVI 

9,50H 

SPUT  DESIRED  NUX  AODR  IN  B 

OlPl 

B5 

CHP 

B 

!TS  THE  HUX  AODR  5 7 

OlE? 

C29302 

JN7 

ERROR 

tlF  NOT,  THERE  IS  AN  ERROR 

CIFP 

COHOaZ 

CALL 

STRIA  0 

tSTAR"^  THE  NEXT  CONVERSION 

OlFA 

212902 

LX  I 

H,ABSPR 

JGET  ADPR  OP  "ABS  PRESS** 

t SERVICE  ROUTINE 

OIPR 

22113C 

SHLO 

NXTPR 

tSTORE  AODR  IN  NXTPR 

OXEE 

2A2u2C 

LHLP 

Z6 

SLOAOS  NIL  NITH  Z-G»S 

t RUNNING  SJH 

OlPl 

7R 

HOV 

A,E 

:moves  current  reading  to  a 

OlP? 

COCROZ 

call 

SUN 

:Aon  data  to  running  sjh 

oipp 

TA22JS 

LOA 

ZGCNT 

:get  z-g  count 

01P« 

3C 

INR 

A 

SlNCREMENT  THE  COUNT 

91PP 

FE39 

CPI 

0 

OlPO 

CAaro2 

JZ 

GZI 

tJUH®  IP  ZGCNT  .EQ.  8 

OIPP 

222Q3C 

SHLO 

ZG 

;STORE  RUNNING  SUN  IN  ZG 

02C1 

32223C 

STA 

ZGCNT 

SSTORE  COUNT  IN  ZGCNT 

0ZC> 

C39C09 

JHP 

EOC 

02C’» 

COCED? 

5'»ll 

CALL 

AVS 

SAVERAGE  THE  9 READINGS 

020A 

AP 

XPA 

A 

OZCP 

322235 

STA 

ZGCNT 

:ZERO  THE  COUNT  ANO 

OZOE 

322030 

STA 

ZG 

! THE  RUNNING  SUH 

OZtl 

32213C 

STA 

Z6M 

e?t<i 

7B 

HOV 

A.E 

tHOVES  AVG  DATA  TO  A 

021P 

213530 

LXI 

HyGZHAX 

:get  aoor  oe  max  z-g«s 

flZlA 

RE 

CHP 

H 

TCOHPARF  AVG  VALUE  WITH  HAX 

o?n 

OAIDOE 

JC 

GZ2 

JJU-P  IE  A.LT.CZNAX 

ozir 

77 

HOV 

H,A 

tREPLACF  IP  A. 3E. GZHAX 

0210 

210D30 

6»2I 

LXI 

HtGZHiN 

:GFT  AOPR  OP  HIN  Z-G*S 

0220 

BE 

CKP 

H 

tCOHPARE  AVG  VALUE  WITH  H 

• 221 

029500 

JNC 

EOC 

tJUHP  IP  A.GE.6ZH1N 

0 22R 

77 

HOV 

H,A 

tREPLACF  IF  A.LT.GZHIN 

0225 

C39500 

JHP 

EOC 

91 


THIS  IS  the  service  ROJriHE 
FOR  ABS  PRESS 


THIS  IS  the  last  conversion 
SO  NO  NEW  CONVERSION  IS 
STARTED 

the  current  READING  REPLACES 
THE  OLO.  THE  STORAGE 
LOCATION  IS  CA9PR 

The  a REG  contains  the  IUX  ADOR 
IN  BITS  7-i.  (X0H» 


0G63 

t 

AOSPRI 

HVI 

9»60H 

JPUT  OESIREO  N'JX 

AOOR  IN  9 

ezEA 

R9 

CHP 

R 

tIS  THE  MUX  ADOR 

6 ? 

C 77^ 

CE9N02 

JN7 

ERROR 

tiF  not  there  is 

AN  ERROR 

OERE 

210E3C 

LXI 

H»CA3PR 

SGET  AOPR  OP  CURRENT  A9S  PR 

o?n 

73 

NOV 

NtE 

JSTORE  NEW  VALUE 

IN  CABPR 

92 


tes  PA®  IS  bsbt  quality  PRAcncAfiia 
(X)iPYPUR*usfliJD  TOUDC  ^ 


THIS  IS  the  service  SOUTIME 

FOR  HEART  RATE 

THIS  ROUTINF  IS  ENTERED  RIGHT 

AFTER  ARS  PRES? 

IF  A NEW  HEART  RA^E  HAS  SEEN 

COMPUTES  (IRFS=1)  IT  IS 

READ  IN.  EIGHT  READINGS 

ARE  AVERAGES  TO  GIVE  AH 

AVERAGE  MEART  FATE. 

READINGS  .LT.  lOH  ARE  ASSUMED 

AS  FALSE  R-HAVFS  ANS  ARE 

ADOFP  TO  THE  COUNT  TO  9E 

AVERAGED  - SUT  DO  NOT 

COUNT  AS  ONE  OF  THE  S. 

THE  NEM  AVERAGE  HEART  RATE 

IS  THEN  STORED. 

fl»32 

09E4  HEART!  IN 

STAT2 

SINPUT  STATUS  OF  5255  #2 

ORTU 

Eo2a 

ANI 

A9FMSK 

!MA3<S  IBPA 

0E3G 

CA&A02 

JZ 

CNTCK 

:jUM=  IF  NO  NEH  HEART  RATE 

O’TS 

DIES 

IN 

HRIN 

SINPUT  THE  NEH  HEART  RATE 

0239 

2F 

CMA 

SCOMOLE^'ENTS  DATA  FRON 

S inverting  DRIVER  (82261 

0 2TC 

2A143C 

LHLO 

HRT 

SLCADS  HIL  WITH  HEART  RATE 

S RUNNING  SUM 

023F 

CDC902 

CALL 

SUM 

SAno  DATA  TO  RUNNING  SUM 

0 24? 

FEia 

CPI 

lOH 

:(A  HAS  THE  '(=■«  READING) 

0244 

OAjA02 

JC 

CNTCR 

snONE  IP  A .lT.  lOH 

C24- 

3A1S3C 

LOA 

HRCNT 

SGET  heart  rate  COUNT 

0 24A 

3C 

XNR 

A 

SINCREHENT  THE  COUNT 

ORA** 

F£C! 

CPI 

a 

D2«.n 

CA5302 

JZ 

HRTl 

:jUH3  I*-  HPCNT  .EQ.  8 

0 2S3 

22m3D 

SMLO 

HRT 

tSTORE  FUNNING  SUM  IN  HRT 

P39'* 

J215»0 

ST  A 

HRCNT 

(STORE  FOUNT  IN  HRCNT 

0 ZVf- 

C35A92 

JHP 

CNTCX 

C2S9 

SDCEaZ  HRTH  CALL 

AV6 

SAVFRAGF  THE  9 READINGS 

02fC 

210^30 

LXI 

H,HRTRT 

SGET  ADDR  0=-  CURRENT 
: heart  RATE 

o?9r 

73 

MOV 

M,E 

tSTORE  NEH  VALUE  IN  HRTRT 

0 2R? 

AP 

XRA 

A 

C2G1 

321S3C 

STA 

HRCNT 

SZERO  THE  COUNT  AND 

0294 

321  •♦SC 

STA 

HRT 

t THE  RUNNING  SUN 

0297 

32133C 

STA 

MRT*1 

93 


IS  best  quality  PiucnCiBM 
*W>M  COPY  FUEMISHED  10  udq  ^ 


THIS  SECTIOM  DECREMENTS  THE 

10  SEC  COUNTER 

EACH  10  SEC  THE  STORAGE  ROUTINE 

IS  CALLED  AND  THE  COJNTER 

IS  RELOADED 

AFTER  COMPLETION  CF  THIS  CODE* 

THE  OPOGRAM  halts  AND  WAIT? 

FOR  THE  50  NS  TIMER  TO  EXPIRE 

ozeA 

21153C 

CNTCKt  LXl 

H.TENSC 

SGET  AOf'R  OF  1C  SEC  COUNT 

0?**D 

35 

OCR 

H 

TOFCREMFNT  TH?  COUNT 

026F 

CA7:»0? 

JZ 

STORE 

SJUMO  IF  10  SEC  HAS  ELAPSED 

CTTl 

FR 

E2 

0 27? 

76 

HLT 

:MAIT  for  50  IS  timer 

C?’T 

00 

NCR 

94 


JBIS  PACE  IS  BfiST  QUALITY  PRACTlCAlaJt 
JPOM  COPY  FUimiSHEI)  TO  DDC  — - 


t 

t 

S 

t 

• 

THIS  SECTION  OUTPUTS  TM 

• 

t STORED  ♦ 

t 

# 

INFORMATION  EVERY  13 

SECONDS.  • 

• 

THE  DATA 

IS  OUTPUT  IN  THE  ♦ 

t 

* 

FOLLOWING  ORDEPI 

• 

} 

• 

• TIMING 

PREAMBLE  (LSI 

FIRST)  • 

t 

PINSM 

(LS»  FIPST) 

• 

1 

POUTS 

(LS9  FieST) 

m 

t 

m 

FLRTS 

(LS»  FIPST) 

♦ 

t 

• 

GXMAX 

GXMIN  GYMAX 

SYMIN  • 

• 

• 

GZMAX 

S7MIN  A9SPR 

MRTRT  ♦ 

• 

• 

i 

i 

t 

• 

* 

9THRT 

• 

• 

0274 

36C? 

t 

• 

ST09PJ 

MVI 

M,2000 

(SETS  THE  COUNTER  TO  200 

O?'^ 

2433JC 

CHLC 

TIME 

rPLACE  OUT*>r>T 

COUNT  IM  MIL 

0279 

23 

INX 

M 

: INCREMENT  TM 

E COUNT 

0 2'^» 

220332 

SHur 

TIME 

(STORE  the  NE 

M OUTPUT  COUNT 

0 279 

213330 

LXl 

H.TIME 

(GET  AOOR  OF 

FIRST  BYTE 

0203 

1611 

MWI 

0,9YTES 

(LOAD  0 WITH 

NUMBER  OF 

; OUTPUT  BYTES 

0202 

7E 

ST991I 

MOV 

A,M 

t“CVE  THE  OATA  TO  A 

0287 

CnFE02 

CALL 

OTOUT 

(CUTOUTS  OATA 

TO  CONSOLE 

0286 

23 

INX 

H 

(GET  NEXT  OUTPUT  9YTF  AOOR  1 

028’ 

15 

OCR 

0 

(DECREMENT  T4 

E BYTE  COUNTER 

0288 

C23202 

JNZ 

STORl 

(JUMO  IF  MORE 

OUTPUT 

028'' 

3E72 

MVI 

C,CSP 

0289 

C91933 

CALL 

ORINT 

(CAUSES  THE  OATA  ON  SCREEN 

0290 

OEIE 

MVI 

C,PR 

{ TO  BE  WRITTEN  ON  TAPE 

0 292 

C01993 

CALL 

PRINT 

0 299 

C9i702 

CALL 

INIT 

(INITIALIZES 

oiNSM  TD  3ZMIN 

0 298 

F9 

EX 

0 219 

76 

MLT 

TNAIT  FOR  50 

MS  TIMER 

0 29A 

00 

NOP 

95 


3HIS  PA®  IS  BfisT  QUALtrr  prachcaBl* 

J!BOiM  OOPY  PUEMISHED  10  DDC 


TmE  POLLOWIWG  ERRCR  RO'ITINE  is 
EXECl'TEO  WHENEVE*?  THE  ACTUAL 
MUX  ADD<  IS  NOT  THE  SAME  AS 
THE  EXPECTED  HUX  AOli? 

THE  A REG  CONTAINS  THE  iUX  AOOR  IN 
SITS  7~t  (XOH)  ANO  THE  S REG 
CONTAINS  THE  OESIRET  AIOR 

the  errpk  routine  converts  until 

THE  actual  HUX  AOH?  E3UALS 
THE  OESIPEO  HUX  AOOR 
THEN  THE  PROGRAM  L00»  IS  ENTERED 
AGAIN  VIA  THE  fOC  ROUTINE 

MOTEI  NXTOP  STILL  CONTAINS  THE 
AOOR  OF  THE  OESIREO  SERVICE 
ROUTINE 


J 


ORRR 

COR30P 

FRRORt 

CALI 

strtao 

;ST!>03E  and  convert 

C2RE 

OSEs 

ERRII 

IN 

STATl 

: INPUT  STATUS  OF  8P55 

#1 

0EA3 

E50? 

ANI 

93FKSK 

:mas<s  ibfb 

02A2 

CA9E0P 

J7 

ERRl 

tLOO®  !*•  STILL  CONVEPTING 

CPAS 

OSES 

IN 

HUX 

tPEAOS  IN  MUX  AOOR  i U 

LS9 

CPA"' 

E&FO 

an  I 

HUXMSK 

!SAVES  e7-9<* 

OPAR 

08 

CMP 

9 

trO-PA^E  NEH  AOOR  WITH 

B 

OPAA 

CP993P 

JNP 

ERROR 

!TFY  again  le  not  EQ. 

OPAO 

C39C00 

UHP 

EOC 

tP.EENTEF  PROGRAM  LOOP 

WHEN 

t OESIREO  AOOR  IS  FOUND 


96 


THESE  SUBROUTINES  ARE  USEO  BT  THE 
OPECATIW  STSTc**  AND  THE  SERVICE  ROUTINES 
TO  fCCOHRLISM  TASKS  COHHON  TO  HORE  THAN 
ONE  HOOULE.  TMrpE  apE  SU"P0UTINES  TO 
control  the  OAS  IIZA  (STAPT  A CONVERSION 
AND  IrJCREHENT  THf  HUX  ADtJPESS),  HASIP- 
ULATE  the  DATA  (SU-JHI‘16  ANO  AVE=A6IN6I 
INI’IAHTE  the  storage  AREA.  AND  OUTPUT 
THE  DATA  (EOR“A'’TING  THE  DATA  AND 
SENDING  IT  TO  THE  CONSOLE 


THIS  Simt»Oim»JE  IHCPEHEHTS  the 
D*S  ia?i  nux  AVOR  AUO  STARTS 
THE  COMVERSION 


C 0^70  2 
c?T7  cocanz 
I2'*6  C3 


STRTA3I  CAU 
CALI 
RET 


strobe 

TRI6GR 


t INCREMENT  THE  MUX  AOOR 
TSTARTS  THE  CONVERSION 


THIS  SUBROUTINE  INCREMENTS  THE 
HOX  AOOR  or  the  OAS  1128 


• 2BT 

TE03 

3 

STROBE 1 MVI 

A«STSON 

3SFTS  BIT  C%  VHICH  INSRE- 

82BR 

03E7 

OUT 

AOCON 

t MENTS  HUX  AOOR  BY  1 

0990 

3E0C 

MVI 

AjSTBOFF 

:resets  bit  C5 

C290 

D3E7 

OUT 

AOCON 

• 2BP 

C9 

t 

RET 

3 

t 

3 

• 

3 

3 

# 

THIS  SUBRO'JTINE  TRIGGERS  THE  OAS 

3 

3 

0 

m 

1128 

WHICH  STARTS  A CONVERSION 

3 

3 

3 

m 

4 

Q2C0 

3E9  = 

3 

TRIGSRI  HVl 

AfTRGON 

f'UBNS  CN  BIT  Cr  CTRIGCER) 

8?r2 

OSEf 

OUT 

AOCON 

S TO  START  A CONVERSION 

0 2CA 

SEO? 

MVI 

AtTRGOPF 

jrURUS  OPP  BIT  C7 

02CR 

03E- 

OUT 

AOCON 

02C8 

C9 

RET 

r 


1 


t 

S 

t 

% 

• 

• 

• 

THIS 

• 

m 

SUPROUTINE  TAKES  INPUT  DATA  ♦ 

t 

t 

I 

• 

• 

FROM  Rin  A ANO  ADDS  IT  TO  HKL  ♦ 

• 

02CO 

4F 

i 

t 

suit 

MOV 

C*A 

IHOV  OATA  TO  0 

0?»*« 

OoOO 

MVI 

9*0 

:2ER0  OUT  9 

02:c 

09 

OAO 

a 

tHKL  * HU  ♦ 3(0 

82C'' 

C9 

» 

t 

RET 

* 

s 

s 

THIS 

• 

• 

SUPROUTIME  TAKES  THE  RUNNING  ♦ 

t 

SUH  LOCA'^EO  IN  H^L  AM3  DIVIDES  • 

s 

IT 

8Y  8.  THE  PESULTIvr.  AVERA3E  • 

1 

IS 

RETURNFn  TO  THE  CALLING  • 

s 

1 

t 

PROGRAM  IN  REG  E.  * 

# 

• 

02CE 

ro 

t 

t 

svot 

MOV 

Aft 

tORTAIN  LS9  OF  SUH 

02CF 

OF 

RRO 

0 200 

OF 

RRC 

lOIVIOE  BY  8 

0201 

OF 

RRO 

0202 

020302 

JNO 

AV61 

tJUHO  IF  oEHimorp  ,LT.  4 

0?OK 

F6E0 

OR  I 

OEOH 

tINSUPE  THAT  INCR  HILL  OVER 

020- 

0601 

ADX 

1 

t flow  IF  5 LS9»S  are  1»S 

0 200 

020302 

JNO 

AVSl 

020C 

24 

INR 

H 

:aom  -cepoY-  TD  Msa  of  soh 

C210 

261- 

AVOlt 

ANI 

IFH 

TOISCARP  RFMAISOER 

0 20P 

5F 

HOV 

EfA 

(STORE  LS9  IN  2 

0220 

20 

MOV 

AfH 

(OBTAIN  HS9  0*^  SUH 

0221 

OF 

RRO 

02F2 

OF 

RRO 

(ROTATE  TO  MSB  0^  A 

C2P2 

OF 

RRC 

0 22fc 

S3 

ADO 

2 

(APT  LSB  TO  MSB 

0229 

5F 

HOV 

E,A 

(MOVES  AVG  READING  TO  E 

0226 

09 

R6T 

99 


VBXS  PA®  rs  BEST  QUAItTY  FRAiJtttUjftA 
Won  COPY  FURN-ISHKD  TO  DiDC 


THIS  SECTIOM  7CR0ES  TMT  rOLLOW> 
INC  LOCftTIOSSt  PIHSH,  OQUTS 
FLRTS»  SXMAX,  r.YlAX,  ^ 3ZHAX 
OFFH  IS  PLACF?  IH  THF  FDLLOHIHG 
LOCATIONS!  6XHIN,  GYMIN. 


GZHIN 


(L2S'* 

AF 

1 • 
t * 

% ««« 

1 

t 

niTi 

XPA 

A 

4 

4 

fl*F§ 

21^230 

LXI 

HfPlNSH 

JGET  AOOR  OF  START  OF 

: STORAGE  T3  3E  CLEARED 

02ER 

1S03 

HVI 

OtLXS 

:p  OF  LOCATIONS 

C’ET 

77 

INI Til 

HOV 

Hf  A 

CZ'F 

23 

INX 

H 

t ZEROES  OUT  THE  STORAGE 

C»EF 

13 

OCR 

0 

: AREA 

OZFO 

CZEDOZ 

JN7 

INITl 

e»F» 

16^- 

HVI 

OtOFFH 

S LOADS  n WITH  FF 

02F5 

72 

HOV 

H«0 

:mOVES  FF  TO  SZHIN 

0 2Ff 

213333 

LXI 

HtGXHIN 

02FR 

72 

HOV 

M»0 

SHOVES  FF  TO  SXHIN 

02FA 

23 

INX 

H 

(L2FH 

23 

INX 

H 

02'’C 

72 

HOV 

H»D 

SHOVES  FF  TO  STHIN 

OZFO 

C9 

t 

t 

RET 

t 

t 

t 

# 

♦ 

0 

i 

THIS  SU«POU'^IN£  SFPA»ATES  THE  < 

1 

0 SITS 

OF  DATA  IN  THE  A REG 

t 

* 

INTO  T 

WO  A SIT  WiMSERS  - 

t 

• 

EACH  OF  THESE  »'UHBERS  IS 

1 

♦ 

C0t4VFR 

TEO  TO  AN  ASCII 

t 

• 

CHARACTER  AND  OUTPUTED  TO 

t 

1 

• 

• 

THE  CONSOLE*  ^ 

4 

» 

t 
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IBIS  PACE  IS  BEST  QUALlIY  PRACIltiAfiX 
ntOM  OOFY  FURMISHED  TO  DDC  ^ 


THIS  SU"ROOTIM£  CONVERTS  THE  A 
USB»S  OP  THE  A REG  (0-9, A-P) 
INTO  the  CORREPPQNOINS  ASCII 
CHARACTER  ( 30-39, 

THE  OAA  (OECriAL  ADJUST  ACC) 
INSTRUCTION  PEPFORHS  THE 
FOLLONINGI 

1.  IF  THE  VALUE  OF  THE 
4 LSB'S  OP  THE  ACC 
IS  .GT.  *»  OR  IF  THE 
•AC*  flag  is  SET,  6 
IS  AOOEO  TO  THE  ACC 

2.  IP  THE  VALUE  OF  THE 
4 MSB'S  OF  THE  ACC 
IS  NON  .GT.  9,  OR 
IF  THE  •CV*  flag  IS 
SET,  6 IS  ADDED  TO 
THE  4 MSB'S  OF  ACC 


(DORROHFO  FROH  TMF  SBC 
80P23  USERS  GUIDE 
PAGE  9-33  (REF  15)) 


0311 

E6CP 

Ascin 

ANI 

OFH 
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THIS  SUPPOUTiriE  WAITS  UNTIL  THE 

• 

1 • 

CONSOL 

E IS  READY  TO  ACCEPT  A 

• 
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CHARACTER  AND  THEN  OUTPUTS  THE 
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t 
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(“ASH  FO®  TRANSHITTEP  READY 
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SHIS  PACE  15  BEST  QUALITY  FRACtttiA^ 
JSOIIOOPYEURHISHED  lODDC  


THIS  SECTION  CONTAINS  THE 
JUMP  TAUE  FOR  THE 
2MTEFRU»T  CONTROLLER 


ITEO 

0R6 

03F3 

C33300 

JHP 

• 3E3 

00 

NOP 

«3F% 

C303B0 

JHP 

00 

NOP 

iTF* 

C33300 

JHP 

0?FR 

00 

NOP 

#'FC 

C37E00 

JHP 

• TEF 

03 

NOP 

O’FO 

C30303 

JHP 

03F3 

00 

NOP 

G3F<. 

csaooo 

JHP 

CO 

NOP 

O’FA 

C33333 

JHP 

C3FR 

33 

NOP 

0Trr 

C3330a 

JHP 

OT*F 

00 

NOP 

SEOH 

JTEHP  FOR  LEVEL  0 
JTEHP  FOR  LEVS.  1 
tTEH»  FOR  level  2 
SONS  :SFRVICF  ROUT  -OR  LEVE'. 

:teh®  for  level  v 

fTFHP  FOR  LEVE.  5 
*TEHR  FOR  LEVEL  5 
jtehp  for  LEVE.  r 
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IBIS  PASS  IS  BEST  QUALITY  FRAmCA^ 
logon  COPY  FURHISHED  TO  DDQ  — - 


this  SECTION  CONTAINS  T-«r  STORA3E 
AREA  PO?  THE  "POGRAM  (CPU 
SCRATCH  PAO  STORAGE) 


THESE  APE  THE  LOCATIONS  THAT 
HILL  BE  STORED  EVERT  10  SEC 


SC10  0R6  3C00H 


3CJC 

0003 

TIHEI 

ON 

0 

jrONTAINS  RUNNING  OUT»UT 
: COUNT,  EACH  COUNT 

t REPRESENTS  10  SEC 

see  2 

2003 

eiMSHI 

ON 

0 

JCONTAINS 

P02IN  RUNNING  SUM 

3CC4 

0033 

®0iiTS  1 

ON 

3 

trONTAINS 

P020JT  RUNNING  SN 

3CCA 

3333 

FLRTSI 

ON 

0 

tCONTAINS 
t SUH 

FLON  RATE  PUNNING 

SCGA 

00 

PXHAX) 

OB 

0 

tCONTAINS 

NAX  X-G*S 

SCO® 

30 

G»HNI 

OB 

0 

tCONTAINS 

MIN  X-G»S 

3CCA 

00 

GT-^AXI 

OB 

0 

tCONTAINS 

MAX  r-G»s 

see® 

90 

GTHINI 

OB 

0 

tCONTAINS 

MIN  Y-G»S 

SCOC 

OS 

08 

0 

trONTAIf;S 

MAX  7-G»S 

SCO® 

00 

G^UNt 

03 

0 

tCONTAINS 

MIN  7-G»S 

seep 

09 

CARPRI 

09 

0 

tCONTAINS 

CURRENT  AES  PRESS 

SCO*' 

00 

hrtrti 

OB 

0 

tCONTAINS 
t RATE 

CURRENT  HEART 

SCIO 

00 

RTHRT 1 

OB 

0 

tCONTAINS 

BREATH  RATE 
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BKW  COPY  PURMISHEa)  TO  J1D,Q  _ 


[ 
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• THIS  IS  ADDITIONAL  STO^ASE 


sett 

3033 

NXTORl 

OM 

0 

tCONTAINS 

EOC  SERVICE 

i routine  aOORESS 

SCIT 

90 

TE'JSCf 

09 

0 

t CONTAINS 

13  SEC  COUNT 
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HRTI 

OM 

0 

: CONTAINS 

HEART  RATE 

t RUNNING  SJi 
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03 
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0 
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30 
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03 

0 

tCONTAINS 
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OC 
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09 

0 
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03 
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03 

0 
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OH 
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03 

0 

tCONTAINS 
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END 
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i^pendix  C 

IFPPAS  II  Prototype  User's  Guide 

Data  Collection 


This  section  describes  the  step-by-step  procedure  necessary  to 
operate  the  IFPDAS  II  prototype  in  its  data  acquisition  function. 


1.  AC  Power  - ON  to  both  the  Hazeltine  video  terminal  and 

ttie  cassette  tape 

2.  DC  Power  - +5  VDC  supply:  OFF 

all  others  (-5,  +12,  -12,  +15,  S -15  VDC):  ON 

3.  Video  Terminal  - Parity:  1 

Full  Duplex 
Baud  Rate:  1200 
Clear  the  screen 

4.  Cassette  Recorder  - Insert  tape  in  Recorder  2 and  engage 

Select  CONT  - OFF  LINE  - PAGE 
Depress  RESET,  then  REWIND 
Depress  INTERLOCK  and  RECORD  button 
and  wait  for  tape  to  stop 
(RECORD  button  stays  lighted) 

5.  +5  VDC  Supply  - ON 


The  +5  VDC  power  supply  resets  the  SBC  80/20  hardware  and  the 
operating  system  starts  to  execute.  Data  will  be  output  to  the  video 
terminal  every  ten  seconds  and  transferred  from  the  screen  to  the 
cassette  tape  under  program  control.  The  8080  CPU  directs  the  writing 
of  this  data  using  two  control  characters.  The  CONTROL  SHIFT  PERIOD 

I 

(cs.)  character  (7EH)  tells  the  Hazeltine  that  a command  will  follow. 
The  PRINT  character  (lEH)  directs  the  transfer  from  the  screen  to  the 
I tape. 

I When  all  of  the  desired  data  has  been  recorded: 

I 

1 


I 


1.  DC  Power  - OFF  (this  terminates  the  IFPOAS's  operation) 

2.  Push  RESET  (the  tape  will  advance  momentarily,  then  stop 

and  the  RECORD  light  will  go  out) 

3.  Press  REWIND 

4.  AC  Power  - OFF  (to  both  the  video  terminal  and  the 

cassette  recorder) 

The  data  is  now  recorded  on  the  cassette  tape  and  is  ready  for  transfer 
to  the  main  computer. 

Data  Transfer 

This  section  describes  the  step-by-step  procedure  to  transfer  the 
data  from  the  cassette  tape  to  a permanent  file  on  AFIT's  computer 

system . 

1.  Video  Terminal  - Parity:  1 

Half  Duplex 
Baud  Rate:  300 

2.  Cassette  Recorder  - Select  CONT  - OFF  LINE  - PAGE 

Depress  RESET,  then  REWIND 

3.  Using  the  terminal,  LOGIN  and  enter  EDITOR 

4.  Enter:  CREATE,  SUPRESS  line  numbers  (C,S) 

5.  After  system  responds  ENTER  LINES,  depress  PLAYBACK  on 

tape  channel 

6.  After  the  data  is  transferred,  send  an  "="  to  release 

the  CREATE  mode 

7.  List  the  file  and  check  for  errors 

The  data  is  now  in  the  edit  file.  To  store  it  permanently,  enter  the 
following  commands: 

1.  REQUEST, 0,*PF 
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2.  SAVE,QyN0SEQ,0  (NOSEQuence,  Overwrite) 

3.  CATALOG, Q, DATA, ID=(problem  #) ,RP=(#  of  days  to  retain) 

The  data  is  now  stored  on  disc  for  later  use  by  the  post-flight  data 
conversion  routine. 

Data  Conversion 

This  section  describes  the  procedure  to  execute  the  compiled  post- 
flight data  conversion  routine  ( COMPCONVERT ) , using  the  file  DATA  as 
the  data. 

Enter  the  following  commands: 

1.  ATTACH, LGO, COMPCONVERT  (attaches  COMPCONVERT  as  a local 

file  called  LGO) 

2.  ATTACH ,AFITSUBROimNES,ID=AFIT  (attaches  the  AFIT  sub- 

routines as  a local  file 
called  AFITSUB) 

3.  LIBRARY, AFITSUB 

4.  ATTACH, TAPE 10, DATA  (attaches  DATA  as  a local  file  called 

TAPE10) 

5.  REWIND,  LGO 

6.  REWIND, TAPE 10 

7.  LGO  (executes  the  post-flight  data 

conversion  routine) 

When  the  program  completes  its  execution,  it  will  have  created  a 
local  file  called  PLOT  containing  the  output  graphs.  To  send  these 
graphs  to  AFIT's  plotter,  enter; 

ROUTE, PLOT,TID=BB,FID=(xxx) ,DC=PT 

This  routing  completes  the  data  conversion  process. 
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i^ipendix  D 

Post  Flight  Data  Conversion  Routine 


This  program  takes  the  data  from  the  cassette  tape  (TAPE10)  and 
performs  the  post  flight  data  conversions.  In  addition  to  the 
calculations,  each  program  module  formats  the  labels  for  the  graphs 
and  calls  the  plotting  routines. 

The  following  parameters  are  plotted  versus  time  by  this  program: 

Cabin  Absolute  Pressure 
Cabin  Altitude 
Z - G's 
Heart  Rate 
Breathing  Rate 
Minute  Ventilation  Volume 
Inspired  Oxygen  Quantity 
Expired  Oxygen  Quantity 

A flow  chart  of  the  post  flight  data  conversion  routine  is  given 
in  Figure  20;  a listing  of  the  program  follows  the  flow  chart. 


i 
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Post  Flight  Data  Conversion  Flow  Chart  (Sheet  1 of  2) 


VUOWOOUOOUUUUUUUUUUOUUOOUUUUUO 


IBXS  PA®  IS  BEST  QUALITY  PBWIlSABfil 
ympy  COPY  FUKHISHffl  TO  MJO  - 


POST  FLIGHT  DATA  CONVERSION 


THIS  os.OGP.AH  TAKir^  THE  PATA  FROM  THF  CASSETTE 
TA^E  {TA3F10)  Ann  PFRFO'^MS  THE  POST  FLIGHT  DATA 
CONVERSIONS.  IN  AOOITICN  TO  THE  CALCULATIONS, 
each  program  module  FOP^-ATS  the  LAOPLS  for  THF 
GRAPHS  AND  CALLS  THE  PLOTTING  ROUTINES. 


“^HE  FOLLOWING  oARAMFTER*^  ARE  PLOTTED 
VERSUS  TIME  RY  THIS  PROGRAM! 

CABIN  ARSOLUTE  PRESSURE 

CA3IN  ALTITUDE 

Z-G*S 

HEART  RATE 

rreathing  ra-^e 

MINUTE  VENTILATION  VOLUME 
INSPIRED  OXYGEN  OUrNTITY 
EXPIRED  OXYGEN  QUA^TITY 


program  CONVERT (INPUT, OUTPUT, TAPEIC ) 

INTEGER  TlMFi,TIM-a,A(lCC,15) 

niMENSION  X(l]2),Y(l02),in(17),I3UF(lG3),P(107,2) 
NROW=: 

no  20  1=1,130 

READ (1C, 130)  TIME1,TIME2, ( A ( I, J) , J=1, 15) 

100  FORMAT(l^Z2) 

IF(E0P(13) )73,ia 
10  <=TIhei*25F“TIME2 

IF(<.NE.I)  stop  "DCTA  MISALIGNED” 
NROW=NROM*1 
'20  CONTINUE 
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ms  PAGE  IS  BEST  QUAKlTY  PBACtlCASLI 

inoiiooityTuiaasHE&xooDCi 


c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

30 


60 


CftaiN  ag’^OLUTE  oressure 

THE  CA3IH  43?OLIITE  PRESSURE  IS  CALCtiLATFO 
USING  THE  FOLLOWING  FOP^'ULAl 

COATA) 

CARIN  ASSOLJTE  PRESSURE  X 760 

250 


n(l)="AOS  PRESSU- 
TO(2)=”RE  MS  TIHE“ 
IO<3)=**5J3JEC;Tt  •• 

IO(L)=**jr,J 
IO(5)=”5TAPT  TIME” 
n(6)=”t  141^ 

10(7)=”  19  OCT” 

10(9)=”  77 
I0(9)=”  TIHP  ” 

10(10)=”  (“IM) 

10(11)  ="A05  PRESS')” 

10(12) =”RE  (MM  HO)” 

10(13)=” 

10(1 4)=” 

10(15)=” 

10(16)=” 

10(17)=” 

no  60  I=l,NRnH 

V(I)=A(I,13)*760./?5C. 

9(I,1)=Y(I) 

X(I)=I/6. 

CO  JTINUE 
X('(R0M>1)  =0. 

Y(MR0W  + 1) =?60  . 

X(NR0M*2)=1. 

Y(NROH*2)=12C. 

call  PLOTSC  P')P  ,100 ,4HPL0T) 

CALL  PLOT  (3., -4., -3) 

CALL  BLOT  (0., 0.03, -3) 

CALL  HORAPH  ( X,  Y, NROM , IT, -1 , 0 , 0 ) 
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ooooooooo 


XBIS  PAGS 15  BEST  QUAl^tlY  mmCABLl 
IWMaffYPURMISHEDIOnDQ  


CA>^IN  ALTITUPE 

TH"  CA'IIN  anSOLUTE  PRESfURE  IS  CONVERTED  TO 
ALTITUDE  (IN  '=’EFT)  USINE  THE  EOLLCWING 
RELATIONSHIP! 

ALTITUDE  (FEET)  = 173,156  - 25,685  LN  (APS  PR  (MM  h5)  ) 
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TO(l)=**  ALTITUDE” 

n(2)=”  vs  ’■IMF  •• 

n(ll)=”  ALTITUDE” 

Xn{i2)="  (PEET)  ” 

DO  65  I = l,NR0'-» 

Y(I)=17C516-25635*(ALOG(D(I,l) ) ) 
X(I)=T/6. 

CONTINUE 
X(NROW'H)  ='  . 

Y(NR0W+1) =3. 

X(NR0W+2) =1. 

Y(VROW+2)  =f^3  0 3 . 

CALL  PLOT  (0.,--.,-’) 
call  plot  (0.,0.03,-T) 

CALL  HGRAPM  ( X , Y , NROW , IE , -1 , Q , U ) 
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IBIS  PAGE  IS  BEST  QUALlW  PRACTICABLl 
roOM  OOPI  FUBttlSHED  


7 - G*S 

the  acceleration  TATA  IS  COHVERTEO  TO  G*S  USING 
THE  FOLLOWING  cORfmLAt 

(PATA) 

ACCELERATION (G»S)  = ( X 15  ) - 3 

25C 

THE  MAXIHUH  ANT  MINIMUM  VALUES  ARE  PLOTTED  ON  THE 
SAME  GRAPH  FOR  CONPARISCN, 


TO(l)=”  7-G*S  " 

n(2)=**VS  TIME  •• 

IO(ll)=“MAX  ANT  MI" 

10(12) ="N  7-G»S  ” 

00  120  I = 1,NR(TN 

Y (I)= (A {I,ll)*.a5)-3. 

X(I)=I/6. 

CONTINUE 

X(NROW4-1)=0. 

Y(NR0H+1) =C.S 
X(NR0W>2)=1. 

Y(NR0W+2) =,L 

CALL  OLOT  (0. 

call  plot  (0. ,0.03, -3) 

CALL  HGRAOM  ( X, Y, NOQM , I P, -1 , 0 , 0) 

TO(1)=0 

no  130  I=l,NPOW 

Y (I)  = (A (I, 13)»  .36)-3. 

X(I) =I/fi. 

CONTINUE 

X(NROW+l)=C. 

Y(NROM*l) =:.5 
X(NROW+2) =1, 

Y(NROW+2)  = .*. 

CALL  PLOT  (0.,-4.,-3) 

CALL  PLOT  (0.,0  .O'*,-!) 

CALL  HGRAOH  ( X , Y , NROW , IP, 2, 1 , 1 ) 


ooooonoooo  r ooooooooooo 


JHIS  PAGE  IS  BEST  QUAIitW  PBACIXOAMS 
ISXMl  CXXFYPUBHISUSS  XOBQQ 


HEART  RATE 

EACH  HEART  RATE  COUNT  REPRESENTS  HSEC.  THE 

COJNT  IS  CONVERTED  TO  THE  HEART  RATE  USINS  THE 
FOLLOWING  EDUATIONt 


HEART  RATE  (BEATS/MIN)  = X 6G 

«».44  MSEC)  (COUNT) 


10(1)=**  HEART  RAT" 

I0(2)="E  VS  TUc  •• 

10(11) =“HEART  RATE" 

10(12)="  (S/HIN)  " 
no  40  I=l,NROH 

Y(I)  = (22-;.»6u.)/A  (1,14) 
X(I) =i/e. 

3 CONTINUE 

CALL  PLOTC  .,-4., -3) 

CALL  PLOT(Q.,  J.u3,--») 

CALL  HGRAPH(X,Y,NROW, ID, 1,0,0) 


breathing  rate 

EACH  COUNT  TS  WO'^TH  5G  HSEC,  THE  B^'EATHIng  RATE 
IS  CALCULATED  AS  FOLLOW'-J 


1 

BREATHING  RAT"  (95>EATHS/mTN)  = X j 

(5  C MSEC)  (COUN-^)  | 

j 

} 

TO(l)="9REATH  RAT" 

10(11) ="breath  rat- 
in(12)=”E  (B/MIN)" 

no  50  1=1, NOON  j 

Y(I)=(?C.*6C,)/A(I,15) 

X(I)=I/6. 

50  CONTINUE 

CALL  PLOT  (3.,-4.,-?) 

CALL  PLOT  (C. ,0.03, -3) 

CALL  HGRADH  ( X , Y , NRCW , ID, 1, C , 0 ) 


11« 


♦ 

t 


ooooooooooo 


} 


►ilNUTE  VENTIiariCN  VOLUME 

TH"  MINJT'=’  VENTILATION  VOLUME  IS  CALCULATEO  USIN'*, 
’■H=‘  IFP0AS-SU'>olIED  SUM^ATIcn  ANO  THE  ABSOLUTE 
PRESSURE  DATA,  THE  FORMULA  ISt 

CSUM) 

VOLUME  10  SEC  (L)  = X .G114 

SORKABS  PR) 


no  70  IslfNRON 

3{I*3t2)s(A(T,E)4256^A(r,6)»/(SQPT(B(I,l))*37.75) 
70  CONTINUE 

B(l,2) =3 (^,2) 

RC?,2) =3 (4,2) 

R(3,2)=3(4,2) 

BCNROm-LtE)  = P(NROW*3,2) 

B(NROM*5,2)  ='^(NR0W*3,2) 

DO  30  I=l,NPOW 

9{I,2)  = B(I,2)  ♦®(I  + 1,2)  ♦3(H-2,2)  ♦•‘^(I*3,2)  ♦9(I«->*,2) 
1 ♦B(I»E,2) 

Y (I )=?(!, 2) 

X{I)=I/6. 

80  CONTINUE 

IO(l)s"iIN  VENT  V 
n(2)="3L  VS  time- 
10(11)  =“MIN  V=’N'  V" 

IO(12)=**OL  (L) 

CALL  PLOT  (3., -4., -3) 

CALL  PLOT  (0,,!3  .O'*,-!) 

CALL  HCRAPH  ( X , Y , NROW , in, i , J , Q ) 


( 
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C INSPIRED  OXYGEN  OUANTITY 

C 

c the  quantity  of  inspirec  oxygen  is  computeo  RYI 
c 

C (PC2IN  SUM) (MIN  VENT  VOL) 

C OtHNTITY  OP  02  (L ) * 

C 65.79  {A9S  PR) 

C 

c 

in(l)a»3XYGEN  INT” 
n(2)=**A<F  VS  T " 

10(11) =”OXYGEN  INT" 

10(12)  =”AKF  (L)  •• 

no  90  I=1,N!?0W 

Y(I)  = ( (A  (1,1)  ♦25c*A  (1,2)  )»3.  0A*9  (1,2)  ) 

K /(200.*9(I,1) ) 

X(I)sI/6. 

90  CONTINUE 

CALL  PLOT  (C.,-L.,-2) 

CALL  PLOT  (3. ,3. 03, -3) 

CALL  HGRAPH  (X, Y, NROW, IT, 1, C , 0 ) 


C EXPIRED  OXYGEN  QUANTITY 

C 

C the  quantity  of  EXPIRED  OXYGEN  IS  COMPUTEO  9Y » 

C 

C (PC20UT  SUM) (MIN  VFNT  VOL) 

C QUANTITY  OF  02  (L)  = 

C 65.79  (APS  op) 

C 

C 

in(l)  = **OX'rr,FN  EXO” 

IO(2)="IRFO  VS  T •• 

10(11)  =**0XYr,EN  FXP” 

10(12)  ='*IRF0  (L)  “ 

00  110  I=1,NP0N 

Y(I)  = ( (A  (1,3)  ♦25o*/'  (1,4)  )*3.0L*9  (1,2)  ) 

A /(200.^9(I,1) ) 

X(I)*I76. 

110  CONTINUE 

CALL  PLOT  (0. -7) 

CALL  PLOT  (C., 0.03, -3) 

CALL  HGRAPH  (X,Y,NROW,ir,l,0,3) 

C 

STOP  "YOU  MADE  IT" 

ENO 
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The  following  subroutines  are  used  by  the  post  flight  data 
conversion  routine  to  format  and  plot  the  graphs.  These  subroutines 
were  borrowed  from  AFIT's  EE  6.91  course. 
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i^>pendix  E 

SBC  80/20  Hardware  Description  (Ref  16) 

i 

Memory 

Thez^  are  two  types  of  memory  on  the  SBC  80/20  board:  random  access 

! 

memoiy  (RAM)  and  read-only  memory  (ROM).  Eight  INTEL  2113  static  RAM 

I 

devices  provide  2048  (2K)  X 8-bits  of  read/write  storage.  The  RAM 
address  space  is  located  from  3800H  to  3FFFH  by  jumper  connection  120- 
121.  Four  Intel  2708  Erasable  and  Electrically  Programmable  Read  Only 
Memory  chips  provide  4096  (4K)  X 8-bits  of  ROM.  The  ROM  address  space 
is  located  from  OOOOH  to  OFFFH.  A complete  memory  map  is  given  in  Table 
III,  Appendix  A.  (The  functional  characteristics  of  the  memories  are 
given  in  the  SBC  80/20  Hardware  Reference  Manual  (Ref  16:  Ch  3,  21—29).) 

Parallel  I/O  Interface  j , 

Two  8255  Programmable  Peripheral  Interfaces  provide  the  input  1 

ports  from  the  DAS  1128  and  the  heart  rate  detector.  The  remainder  of 
this  section  describes  these  interfaces  as  configured  for  this  specific 
application.  A complete  operational  summary  of  the  8255  is  available 
in  the  hardware  reference  manual  (Ref  16:  Ch  3,  51-73). 

The  8255  contains  three  8-bit  ports  (A,  B,  and  C).  The  operating 
system  configures  these  ports  to  the  strobed  input  mode  (mode  1, 
control  word  'B6H')*  This  configuration  provides  for  two  input  ports 
(A  and  B)  and  a control  port  (C).  Each  input  port  contains  an  input 
latch  to  hold  the  received  data  while  the  control  port  consists  of 
six  control  bits  and  two  output  bits.  (The  SBC  80/20  modifications 
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listed  in  the  hardware  reference  manual  (Ref  16:  Ch  4,  17-18  and  28-29) 
were  accomplished.) 

8255  #1  interfaces  the  DAS  1128  to  the  SBC  80/20.  Port  A receives 
the  8 most  significant  bits  (MSB);  Port  B receives  the  4 least  signif- 
icant bits  (LSB)  and  the  4 multiplexer  address  bits.  The  Port  C control 
bits  are  used  as  follows: 

C^:  INTRg  - interrupt  request  (not  used) 

Cj^:  IBFg  - "high"  indicates  the  data  has  been  loaded 
into  the  input  latch 

C : STB  - "low"  loads  the  data  into  the  input  latch 
2 o 

C_:  INTR.  - (not  used) 
o A 

C.:  STB.  - (same  as  above) 

4 A 

C_:  IBF.  - (same  as  above) 

5 A 

C_:  (output)  - set  by  control  word  *0DH' 

reset  by  control  word  '0CH' 

C^:  (output)  - set  by  control  word  '0FH' 

reset  by  control  word  *0EH' 

The  EOC  signal  from  the  DAS  1128  provides  the  STB^  and  STBg  signals. 

Bit  C.  provides  the  STROBE  signal  to  the  DAS  1128;  while  bit  C provides 
the  TRIG  signal  (see  Appendix  F).  The  complete  pin  assignments  for  this 
interface  are  given  in  Table  IV,  Appendix  A. 

8255  #2  interfaces  the  heart  rate  detector  to  the  SBC  80/20.  Port  A 
receives  the  heart  rate  count;  Port  B is  not  used.  The  Port  C control 
bits  are  used  as  follows: 

C_  - C.:  (not  used) 

w 2 

C_:  INTR  - (not  used) 

3 A 


f 

\ 


C,:  IBF^ 

C-  - C_:  (not  used) 

O 7 

A strobe  signal  (STB)  is  generated  by  the  heart  rate  detector  when  the 
count  is  completed  (see  Appendix  G).  The  complete  pin  assignments  for 
this  interface  are  given  in  Table  V,  Appendix  A. 

The  8255  I/O  port  addresses  are  given  in  Table  VIII;  a complete 
I/O  port  addressing  table  is  given  in  the  hardware  reference  manual 
(Ref  16:  Ch  2,  7). 


Table  VIII 

8255  I/O  Port  Addresses 


I/O  Device 

I/O  Port  Address 
(hexadecimal) 

8255  #1  Port  A 

E4 

Port  B 

E5 

Port  C 

E6 

Control 

E7 

8255  #2  Port  A 

E8 

Port  B 

E9 

Port  C 

EA 

Control 

EB 

Serial  1/0  Interface 

The  8251  USART  provides  the  output  port  to  the  Hazeltine  2000  video 
teminal  (the  interface  connector  pin  assignments  are  listed  in  Table 
VI,  Appendix  A).  The  remainder  of  this  section  describes  this  interface 
as  configured  for  the  IFPDAS  II  prototype.  A complete  summary  of  the 
8251  is  available  in  the  hardware  reference  manual  (Ref  16:  Ch  3,  34-51). 

The  system  software  configures  the  8251  as  an  asynchronous  receiver/ 
transmitter.  A '4EH'  mode  instruction  programs  the  USART  to  the 
asynchronous  mode  with  1 stop  bit,  no  parity  check,  8 transmitted  bits, 
and  a baud  rate  factor  of  16X.  A '37H'  command  instruction  sets  the 
request-tc-send  and  data-terminal-ready  signals  high,  enables  the 
receive  and  transmit  capabilities,  and  resets  the  error  flags.  Interval 
timer  *2'  supplies  the  baud  rate  clock  (see  the  following  section). 

Interval  Timers 

The  8253  Programmable  Interval  Timer  includes  three  separate 
counters  (0,  1,  and  2).  Counter  0 is  used  as  a frequency  divider  to 
produce  the  225  Hz  clock  required  by  the  heart  rate  circuit  (see 
Appendix  G).  Control  word  '36H'  configures  counter  0 as  a square  wave 
rate  generator.  The  counter  is  then  loaded  with  12ABH  (4779)  which 
produces  the  desired  frequency.  Counter  1 is  used  as  a real  time 
clock  to  inform  the  CPU  of  every  50  msec  interval.  Control  word  '70H' 
configures  counter  1 to  interrupt  the  CPU  when  the  count  is  complete. 

The  counter  is  loaded  with  D1E5H  (53,733)  which  is  equivalent  to  49.97 
msec.  The  time  required  for  the  CPU  to  handle  the  interrupt  and  reset 
the  timer  brings  the  total  time  between  interrupts  to  50.00  msec. 
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Counter  2 is  used  as  a frequency  divider  to  produce  the  baud  rate  clock 
required  by  the  8251  USART.  Control  word  'B6H'  configures  counter  2 
as  a square  wave  rate  generator.  The  counter  is  then  loaded  with  0038H 
(S8)  which  produces  the  desired  frequency.  A complete  summary  of  the 
8253  is  contained  in  the  hardware  reference  manual  (Ref  16:  Ch  3, 

73-87). 

Interrupt  Controller 

The  8259  Programmable  Interrupt  Controller  provides  the  capability 
to  recognize  interrupt  requests,  and  based  on  that  request,  to  jump  to 
any  location  in  the  memory  map.  This  section  describes  the  operation  of 
the  8259  in  the  IFPDAS  II  prototype.  A complete  operational  summary  of 
the  8259  is  given  in  the  hardware  reference  manual  (Ref  16:  Ch  3,  87-110). 

The  8259  uses  a Jump  table  stored  in  PROM  (03E0H  to  03FFK)  to  pass 
control  to  the  interrupt  handling  routine.  When  the  50  msec  timer 
expires,  an  interrupt  request  (IRS)  is  sent  by  the  timer  to  the  8259. 

The  8259  accepts  this  request  and  sends  an  interrupt  to  the  8080  CPU. 

After  the  CPU  acknowledges  the  request,  the  8259  "calls”  the  fourth  entry 
of  the  jump  table  which  causes  a branch  to  the  50  msec  timer  interrupt 
handler  (T50MS). 

The  operating  system  programs  the  8259,  during  the  power-up  routine, 
to  accomplish  this  task.  Two  initialization  command  words  (ICW)  are 
required  to  inform  the  8259  of  the  location  and  length  of  the  jump 
table.  ICWl  (=»F6H')  and  ICW2  (='03H’)  "tell"  the  8259  that  the  jump 
table  starts  at  03E0H  and  that  the  call  address  interval  is  4.  After 
the  8259  receives  these  two  words,  it  is  in  the  normal  (fully  nested) 

■ode  and  is  ready  to  operate. 
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The  8259  is  programmed  by  the  CPU  to  ignore  IR2«  IR2  is  generated 
hy  counter  0 «diich  has  a special  function  tihen  the  SBC  80/20  monitor  is 
executing  (Ref  15:8).  Since  counter  0 is  used  for  a different  purpose 
in  the  prototype  than  in  the  monitor,  the  8080  sends  an  operational 
command  word  (OCW)  to  the  8259.  OCWl  (=»04H')  masks  off  IR2  so  that 
tiiis  request  is  never  "seen”  by  the  8259. 

The  final  command  sent  to  the  8259  by  the  operating  system  is 
an  end  of  interrupt  (EOI)  command  word  (0CW2  = *20H’).  This  command 
resets  the  in-service  bit  (IS3)  which  allows  IRS  to  request  another 
intemq>t. 


i^pendix  F 

DAS  1128  Hardware  Description  (Ref  17) 


The  DAS  1128  is  a complete  self-contained  miniature  high  speed  data 
acquisition  system  vdiich  is  described  in  the  attached  8^age  pamphlet. 
The  module  is  hard-wired  to  its  IFPDAS  II  prototype  configuration; 
these  modifications  are  listed  in  Table  IX  along  with  their  function. 
These  hard-wired  modifications  are  also  reflected  in  Figure  17 , Appendix 
A.  The  complete  operating  characteristics  are  given  in  the  pamphlet. 


Table  IX 


DAS  1128  Hardvrired  Modifications 


I 


Function 


16  single-ended  inputs 


Full  i*ange  scale  0 - 5.12  volts 


Full  12  bit  operation 


Output  code:  Unipolar  Binary 


Sequentially  triggered  multiplexer 
addressing 


Sequence  0 to  6,  then  repeat 


Highest  accuracy 


Jvaaper  Connection 


IIB  to  IIT 
12B  to  2B 
17B  to  19T 
18T  to  18B 


12T  to  13B 

14T  and  14B  to  13T 

15B  to  16B 


28T  to  DIG  GND 


17T  to  -15  volts 
29T  (Bl)  is  MSB 


24B  to  +5  volts 
STROBE  to  8255  #1 
TRIG  to  8255  #1 


4 OUT  and  2 OUT  to 
external  NAND  gate 
Output  of  NAND  gate 
to  25B 


CLK  TRIM  to  DIG  GND 

(provides  2.08  microsec/ 
bit  conversion  time) 

OLY  TRIM  to  DIG  GND 
Il5  V return  to  ANA  RTN 
+5  V return  to  DIG  RTN 


wnitc«Cil 


- - - 

ANALOG 

Low  Cost,  High  Speed 

DEVICES 

Data  Acquisition  Module 

DAS112I 


FEATURES 

Complcl*  Data  Acquisition  Systam 
12  Bit  Digital  Output 
16  Single  or  8 Differantial  Analog  Inputs 
High  Throughput  Rata 
falactihia  Analog  Input  Ranges 
Varsatila  Input/Output/Control  Format 
Low  3 Watt  Power  Dissipation 
Small  3"  X 4.6"  x 0.375"  Module 


GENERAL  DESCRIPTION 

The  DAS  1128  is  a complete  self-contained  miniature  high 
speed  data  acquisition  system.  The  compact  3"  x 4.6"  x 0.37S" 
module  provides  the  designer  with  an  easily  implemented  solu- 
tion to  the  data  acquisition  problem.  It  contains  an  analog  in- 
put signal  multiplexer,  a sample-and-hold  amplifier,  a 12  bit 
A/D  converter,  and  all  of  the  programming,  timing  and  control 
ckcuitry  needed  to  perform  the  complete  data  acquisition 
function. 


The  DAS  1128  is  a high  performance  device  which  can  digitize 
an  analog  signal  to  an  accuracy  of  ±!6LSB  out  of  12  bits,  rela- 
tive to  full  scale.  It  has  ±8ppm/°C  gain  temperature  coefficient, 
and  the  maximum  throughput  rate  can  be  varied  from  50,000 
co.tversions/second  for  a 12  bit  conversion  from  different 
analog  input  channels,  to  200,000  conversions/second  for  a 
successive  4 bit  conversion  made  on  a single  channel. 
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figun  1.  Function^  Block  Diagram 


•nfemwtion  birniUtad  by  AnUaa  OavicM  is  believed  to  be  accurate 
and  ratiabte.  Howaver,  no  respontibilitv  it  attumed  by  Analoq  Devices 
for  m use,  nor  lor  any  inlrmosmenii  ol  patents  or  other  rights  ol  third 
partiat  which  may  result  from  its  use.  No  license  is  granted  by  imqlica- 
tion  or  otherwrta  untlar  any  patent  or  patent  rights  of  Analog  Devices 


Route  1 Industrial  Park;  P.O.  Box  280;  Norwood,  Mats.  02062 
Tel:  617/329-4700  TWX:  710/394-6577 

West  Coast  Mid-West  Texas 

213/595-1783  312/894-3300  214/231-5094 


SPECIHCATIONS 


(typical  @ -t-ZS^C  and  ±15V  unless  otherwise  noted) 


ANALOG  INPUTS 

Nmiihcr  of  Inpvu  to  Multiplexer 


Ixfiit  Voltefe  (FUN  Scxlc  Raiife) 


Mxxitu HI  Input  Voltafe 
InfM  Cuirent  (per  channel) 
In^  Inipcdance 
In^t  Capncitancc 


InpM  Panh  Current  (power  off  or 
MUX  faUure) 

Dimct  AOC  Input  Impedance 
AOCUKACY' 

Boohiiion 
■nor  Kxlanvc  to  F.S. 
ftiantiiation  Error 
Otiicrantial  Nonlinearity-  Error 

# llEHa  throufhput  rate 

# MkHa  throughput  rate 
Nona  Irror 

•n  an  *FS  Error  Between  Succca- 
■ei  Channel  Tranamona 


’.OOCPFiaENTS 


OfhR 

Diilnitntial  Notdincanty 

aaaiALDYNAMMS 

t Rate  (12  Bin) 


MUX  Ciomcalk  COFF"  channels 
an  t)N'' channel) 

DiWeiantial  Amplifier  CMRR 
MA  Acguiaicion  Time  to  0.01% 
SNA  Aperture  Uncertainty 
SNA  Fatdthraufh 


GITAL  MFUT  SIGNALS 
Cnmpnnhility 


MUX  Addrrai  Inpun  (S.  4.  2.  I ; 
Fhn  IPB  thrtn^h  22B) 


MUX  RNABLE  HI  (Pm  IBT) 
MUX  (NABLE  U>  (Pin  I7B) 


fniOR  (Pin  24T  or  2ST) 


CBXB  CNAILC  (Pin  24B) 


CCFAR  ENAILE  (Pin  2SB) 


TRIGGER  (Pin  2BT) 


TRWCCR  (Pin  27T) 


toS . 

ifyliti  iracliMif 


16  Single  lifMlcd.  6 Tnic-DiffetentMi. 
16  Neiido-Oiffereniitl 
-lOV  lo  ♦lUV.  UV  to  *WV.  -5V  to 
♦5V.  OV  lo  ♦SV.  •10.24V  to 
♦10J4V.  OV  to  ♦10.24V.  -S.UV 
to^S.UV.orOV  to  ♦S.UV. 

115V 

5nA  niM 

>10'*  ohms 

lOpF  for  ‘*OFF‘'  channel 

lOOpF  for  **ON’*  channel 


Infernally  limited  to  20mA 
lOkO  for  each  inpvt  line 


Uiitt 

IHLSB 

IHLSB 


i^LSB,  ILSB  max 

tILSB 

IHLSB 


IILSB 


ipFm/*C,  20ppm/*C  max 
>PPoi/*C.  lSppm/*C  max 
2.Sppm/*C.  6ppm/”C  max 


50kHi  (max) 

(indodcs  Smkcs  for  MUX  and  SHA 
aetding  time  plus  15|<secs  for  ADC) 


>80dBdown#  IkHz 
70dB  to  IkHz 
4.SMaec  max 
lOnarc 

70dB down#  IkHz 


Standard  OTLOTL  logic  levels. 

1 unit  load/line 

Fositive  true  natural  binary  cod»^ 
selects  channel  for  random  address* 
ing  mode.  Must  be  stable  for 
lOOnaec  after 

High  (logic  ’*1”)  input  enables  MUX 
**Hr*  output  (for  inputs  U through  7) 
High  (logic  **1")  input  cnablesMUX 
**LO’'  output  (for  inputs  6 through 
15) 

Negative  going  transiiion  (logic  “ T* 
ID  logic  **0")  updates  MUX  address 
lUgMer.  STKOTE  l must  be  a logic 
**r*  to  enable  STK(!>KE  2 STROTT 
Imuaibe  at  logic  **  1 ” to  enable 
fTROBL  I 

High  (logic  ‘T’)  input  allows  next 
$nCDVf  command  to  ac<(uenttally 
advance  MUX  address  register. 

Lew  (logic  “U’*)  input  allows  next 
RTVORe  command  to  update  MUX 
address  register  according  to  exter* 
nil  address  inputs. 

Low  (logic  "0")  input  allows  next 
fllCnit  command  to  reset  MUX 
address  to  channel  '*0“  ovemding 

LOAD  ENABLE 

Fositive  going  transition  (logic  "O’* 
lologK"  1")  initiates  A/D  conver* 
Sion  (even  during  conversion); 
^nCCnTiPm  27T)  must  be  at 
logic  '*0"  to  allow  TRKaOLII 
fimetion 

Negative  going  transition  (logK  "1" 
tohiBK-O-  *)  initiates  A/D  conver- 
skNii  Fin  26T  (TRIGCLK)  must  be 
H logic  **i"  to  aiiiFw  TinncFR 
fonctMMi 


DIGITAL  OUTPUT  SIGNALS 
Compatibility 


Parallel  Outputs 
Coding 


MUX  Addles  Outputs 
(Ci.  4.2.  I ; pins  UB. 
IfT  through  22T) 
DELAY  OUT  (Pin  2JT) 


Standard  OTtHTL  logic  levdst  5 
unit  loads/line. 

ST,  Bl  through  B12 
Natural  binary,  two's  complement, 
offset  binary,  or  one's  complement. 
Pin  adeciabk. 

Positive  true  natural  binary  coding 
indKates  channel  selecicd. 


ESC  (Pin  27B> 


Negative  foinf  iranaiiion  (logic  **  I ” 
to  logic  **()**)  occurring  normally 
5|iaccf  (adjustable  from  l.thisccs  to 
llhtttcs)  after  STRSHF  command 
initiates  A/D  conversion  auiomsii* 
cally  when  connected  to  the 

TRICCTR 

High  (logic  " I ")  output  during  A/D 


llOLSB’t(min) 


tlOLSB’s  (min) 


ADJUSTMENTS  A TRIMS 
Offset  Adjust 

Internal  Adjustment  (Externally 
Accessible) 

Remote  External  Adjustment 
(Pin  16T) 

Range  Adjust 

Internal  Adjustment  (Externally 
Accessible) 

Remote  External  Adjustment 
(Pin  16B> 

Qodi  Trim  (Pin  26B) 

Factory  Setting  (Pin  26B ’'OPEN")  1.25Ms/Bit 


tlOLSB's(min) 


llOLSB't  (min) 


External  Adjustment  Range 
Delay  Trim  (Pin  23B) 

Factory  Settiry  (Pin  23B 
“OPEN") 

External  Adjustment  Range 


1.2SMs/Bit  to  2.(M«is/Bit 


iOnt 

3.<h<s  to  20|ms 


OONTROLS 

SHORT  CYCLE  (Pin  28T) 


Channel  Selection  Mode 

(MUX  Address  Loading  Mode) 


A‘D  Converskm/Channel'Select 
Sequences 


Connect  to  ground  for  full  1 2 bit 
resolution.  Connect  to  Bj)  output 
for  resolucion  to  Bf|.|  bits. 
Random,  sequentid  continuous, 
and  sequential  triggered.  Pin 
selccubk. 

Normal  (input  channel  remains 
selected  during  its  A/D  conversion) 
and  overlap  (next  channel  selected 


during  A/0  conversion).  Pin  select* 


Range  Select  (Pin  12T) 


BINARY  SCALE  (Pin  15B) 


OUTPUT  CODING  (Pin  ITT) 


Differential  Amplifier  gain  control 
connect  to  ANA  RTN  (Pm  2T)  for 
XI  gain:  connect  to  AMP  OUT  (Pm 
15B)  for  X2  gain.  This  control  is 
used  in  FSR  selection  procedure. 
Connect  to  REF  ADJ  (Pm  16B)  to 
set  reference  to  10.24V.  This  con* 
trol  is  used  in  FSR  selection  pro- 
cedure. see  Table  11. 

Ground  for  I ’s  complement  output 
code;  connect  to  'ISYDC  for  other 
avail^le  codes. 


POWER  REQUIREMENTS 
♦15V  13% 

-l5Vt3% 

♦5V15% 

Power  Supply  Sensitivity* : 
Gain 
Offici 
Ref 


40mA,  50mA  max 
70mA,  lOOmA  max 
250mA.  500mA  max 


i2.0mV/V 

.t4.0mV/V 

70.5mV/V 


ENVIRONMENT  * PHYSICAL 
Operating  Temperature 
Storage  Temperature 
Reltiive  Humidity 
ilertTKal  Shielding 


o 


3 


Packaging 


o"  lo  .70*0 
-25’C  lo  »BS*C 
Up  to  95%  non-condensing 
RFI  A EMI  6 sides  (except  connec- 
tor aies) 

Insulated  steel  cased  module  3 00*  x 4.60*  x 
0.175" 


PRICt 


• 15V  Md  -isv  wpsliii  aw  uwd.  md  (at 


$295  00  (I  -9).  prKT  includes  mating 
nghi -angle  cimnecior. 


J 
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THEORY  OF  OPERATION 

A block  diagram  of  the  DASl  128  is  shown  in  Figure  1.  Analog 
input  signals  are  applied  to  the  various  inputs  of  the  16  channel 
CMOS  multiplexer.  This  multiplexer  in  conjunction  with  the 
differential  amplifier  that  follows  it,  can  be  configured  by  the 
nser  to  accept  16  single  ended  analog  inputs,  or  8 fully  differ* 
ential  analog  inputs.  It  can  also  be  connected  as  a 16  channel 
“pseudo-differential"  input  device,  which  permits  some  of  the 
benefits  of  differential  operation  while  maintaining  a 16  chan- 
nel input  capability. 

The  differential  buffer  amplifier  is  gain  programmable  by  the 
nser  via  jumpers  at  the  module  pins.  This  feature,  along  with 
the  selectable  reference  voltages,  permits  the  user  to  set  up  the 
DASl  128  to  operate  on  any  of  8 input  voltage  ranges.  The 
differential  amplifier  drives  a sample-and-hold  amplifier,  whose 
function  it  is  to  hold  the  selected  analog  input  signal  at  a con- 
stant level  while  the  A/D  converter  is  making  a conversion. 

The  A/D  converter  is  a high  speed  12  bit  successive  approxima- 
tion device  that  has  been  designed  using  the  Analog  Devices’ 
AOS62, 12  bit  integrated  circuit  D/A.  The  reference  voltage 
for  the  conversion  is  supplied  by  an  adjustable  precision  refer- 
ence circuit  that  has  a temperature  coefficient  of  Sppm/°C. 

In  addition  to  these  basic  functional  blocks,  the  DASl  128  also 
contains  all  of  the  clock  circuitry  necessary  to  perform  the 
complete  data  acquisition  function.  The  internal  clock  can  be 
externally  adjusted  to  provide  various  throughput  rates  at  diff- 
erent accuracies.  Input  channel  addressing  logicis  provided,  as 
is  the  capability  to  short  cycle  the  A/D  converter  (i.e.  perferm 
conversions  of  less  than  12  bits  resolution).  It  is  also  possible 
for  the  user  to  adjust  the  time  interval  between  input  channel 
selection  and  the  commencement  of  a conversion.  The  user  can 
thus  trade  off  speed  vs.  accuracy  in  the  settling  time  of  the 
multiplexer  and  sample-and-hold  amplifier,  as  well  as  speed 
versus  accuracy  of  the  A/D  convener. 
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figun  2.  Simplified  Timing  Diagram,  Showing  Time-Interval 
Aaaignmentt  artd  Constants. 


for  all  sensors.  In  each  of  these  input  schemes,  it  should  be 
noted  that  the  input  multiplexer  has  been  designed  to  protect 
itself  and  signal  sources  from  both  overvoltage  failure  and  from 
fault  currentt  due  to  power-off  loading  or  MUX  failure. 


Figure  3.  Signal  input  Connections  for  Three  Different 
Configurations. 


Full  scale  range  of  the  DAS  1128  may  be  set  by  appropriate 
jumper  connections  for  8 different  ranges;  0 to  -t-lOV;  0 to 
+5V;0  to  +10.24V:0  to  +5.12Vj-10  to  +10V;-5  to  +5V; 
-10.24  to  +10.24Vi-5.12  to  ♦5.12V. 


Note  that  10.24  and  5.12  ranges  are  commonly  used  since  con- 
version increments  become  5mV/bit,  2.5mV/bit,  and  1.25mV/ 
bit. 


MUX  AND  S/H  DYNAMICS  - OVERLAP  MODE 
The  overlap  mode  is  defined  as  the  ability  of  MUX  to  accept 
a new  channel  address  thereby  selecting  the  next  channel  to  be 
sampled  while  the  previously  acquired  sample  is  being  held  by 
the  S/H  for  conversion.  The  dynamic  characteristics  of  the 
S/H  circuit  are  shown  in  Figure  4.  Maximum  throughput  rates 
are  obtainable  when  a single  channel  is  held  at  a single  address 
and  the  channel  is  sampled  repeatedly.  In  a dynamic  condition, 
data-throughput  rates  obtainable  are  shown  in  Figure  5. 


\ 


SAMfLC  HOLO  DYNAMICS 


INPUT  CONNECTIONS 

As  shown  in  Figure  3,  three  input  configurations  can  be  used. 

16  single-ended  inputs  (3a)  can  be  connected  to  the  multiplex- 
er, all  referenced  to  analog  gnd.  In  the  second  configuration 
(3b),  the  inputs  are  connected  individually  as  8 true  differen- 
tial pairs.  In  this  case  the  differential  amplifier  is  connected 
“Differentially"  with  the  output  of  the  MUX.  Finally,  a 
“(2Masi-Oiffcrential"  connection  (3c)  can  be  realised  under 
favorable  ground  path  conditions.  In  this  configuration  the 
differential  amplifier  Lo  terminal  is  used  as  the  ground  return 
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Figure  4.  Sampte-Hold  Parameters  Defined  and  Specified 


i 

1 . 


SHORT  CYCLE 

It  is  possible  to  short  cycle  the  DAS  1 128,  i.e.  stop  the  conver- 
sion after  less  than  12  bits.  This  can  be  done  by  connecting  an 
external  juniper  between  short  cycle  terminal  and  one  of  the 
output  terminals.  With  shorter  cycles  the  attainable  through- 
''ut  rate  increases,  see  Figure  5.  In  short  cycle  operation  the 
^3C  will  decKase  proportionately  to  the  number  of  bits 
sdected.  Note  the  short  cycle  terminal  must  be  grounded  for 
Adi  12-bit  operation. 


' SUNlLt  CHANNEL 
-NONSLEW  LIMITED  INTUT 


- OVERLAT  a NONOVERLAR. 

RANDOM  OR  SEQUENTIAL 
ADDRESS 


tILSS  DIFFERENTIAL  LINEARITY 


tt  w a • 4 a 

RESOLUTION  - Wa 

Figun  5.  DAS1 128  Throughput  Rates 
'UX  ADDRESSING 

.jnemal  terminals  have  been  provided  for  the  address  counter. 
Thus  the  address  counter  can  be  configured  to  produce  the 
following  modes;  Continuous  sequential  scanning  (free  run- 
ang),  sequential  scanning  with  external  step  command,  abbre- 
viated scan  continuously,  random  channel  selection.  Sec  Figure 
6 and  set  up  procedure  for  details. 


MUX  KAN  CONTROL  CONNECTIONS 
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Figure  6.  To  shorter*  scerming  sequerKy  of  multiplexer  ehan- 
rteia.  make  the  appropriate  conrtections,  (at  shown  in  the  chart) 
between  an  exterrtal  NAND  gate  and  MUX  ADDRESS  terminals 
19Tto21T. 


GROUNDING  CONSIDERATIONS 
Attention  should  be  given  to  the  methods  of  connection  for 
electrical  returns  and  voltage  reference  points.  Analog  return 
(ANA  RTN)  and  digital  return  (DIG  RTN)  arc  provided.  The 
following  rules  should  be  applied  when  integrating  the  DASl  128 
into  the  system. 

1.  If  the  ±15V  power  supply  is  floating  (for  optimum  analog 
accuracy),  connect  its  return  to  ANA  RTN  (Pin  2B  or  2T). 

If  the  ±15V  power  supply  is  not  floating,  connect  its  return 
to  DIG  RTN  (Pin  35T  or  36T). 

2.  Connect  the  a-SV  supply  return  to  DIG  RTN  (Pin  3ST  or 
36T).  If  this  supply  also  powers  additional  equipment,  tun 
separate,  parallel  returns  to  the  equipment  ground  and  to 
DIG  RTN  (Pin  35T  or  36T). 

3.  To  minimize  signal  grounding  problems,  single-ended  input 
signals  should  only  be  returned  to  ANA  RTN  (Pin  2B  or 
2T).  If  this  is  not  possible,  then  connect  the  input  signals 
in  either  the  “true  differential"  or  “pseudo-differential” 
configurations  (see  Figure  3). 

4.  Connect  computer  ground  to  DIG  RTN  (Pin  35T  or  35B). 

Use  heavy  wire  or  ground  planes. 

5.  The  computer  chassis  should  be  connected  to  the  computer 
and  power  supply  grounds  at  only  one  point. 

6.  Connect  the  third-wire  ground  from  main  AC  power  input 
to  the  computer  power  supply  return. 


GAIN  AND  OFFSET  ADJUSTMENTS 

The  DASl  128  is  calibrated  with  external  gain  and  offset  adjust- 
ment potentiometers  connected  as  shown  in  Figure  7 and  8. 

The  offset  adjustment  potentiometer  has  an  adjustment  range 
of  at  least  ilOLSB's,  and  the  gain  range  adjustment  potentio- 
meter has  an  adjustment  range  of  at  least  ±10LSB'$. 

Offset  calibration  is  not  affected  by  changes  in  gain  calibration, 
and  should  therefore  be  performed  prior  to  gain  calibration. 
Proper  gain  and  offset  calibration  requires  great  care  and  the 
use  of  extremely  sensitive  and  accurate  reference  instruments. 
The  voltage  standard  used  as  a signal  source  must  be  ver\’  stable. 
It  should  be  capable  of  being  set  to  within  tl/lOLSB  of  the 
desired  value  at  any  point  within  its  range. 

These  adjustments  are  not  made  with  zero  and  full  scale  input 
signals,  and  it  may  be  helpful  to  understand  why.  An  A/D  con- 
verter will  produce  a given  digital  word  output  for  a small 
range  of  input  signals,  the  nominal  width  of  the  range  being 
one  LSB.  If  the  input  test  signal  is  set  to  a value  which  should 
cause  the  converter  to  be  on  the  verge  of  switching  between 
two  adjacent  digital  outputs,  the  unit  can  be  calibrated  so  that 
it  does  switch  at  just  that  point.  With  a high  speed  convert 
command  rate  and  a visual  display,  these  adjustments  can  be 
performed  in  a very  accurate  and  sensitive  way.  Anu/og  Devices' 
Conversion  Handbook  gives  more  detailed  information  on 
testing  and  calibrating  A/D  converters. 


OFFSET  CALIBRATION 

For  unipolar  operation  set  the  input  voltage  precisely  to 
-fO.OOnV  and  adjust  the  offset  potentiometer  until  the  con- 
verter is  just  on  the  verge  of  switching  from  (HMMM)UOU(HMM)  to 
OOOOtMMMMMMIt. 

For  ±SV  bipolar  operation  set  the  input  voltage  precisely  to 
-4.9988V;  for  ±10V  units  set  it  to  -9.V976V.  Adjust  the  offset 
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potentiometer,  Figure  7,  until  Offset  Binary  coded  units  are  CLOCK  KATE  ADJUSTMENT 

just  on  the  verge  of  switching  from  UUUUOOiKMMHK)  to  The  clock  rate  may  be  adjusted  for  best  conversion  timc/accu- 

000000000001  and  Two's  Complement  coded  units  are  just  racy  trade-off.  The  conversion  time  is  varied  by  means  of  the 

on  the  verge  of  switching  100000000000  to  100000000001.  external  circuitry  shown  in  Figure  9.  An  open  CLK  TRIM 


MT.  OffUT  ADJUSTMENT 


F^gufw  7.  Ext  Offstt  Adjustment 


terminal  (Pin  26B)  results  in  1.2S/isec/bit  nominal  conversion 
tiroei  A grounded  CLK  TRIM  terminal  (for  highest  accuracy) 
results  in  2.08/isec/bit  conversion. 


GAIN  CAUBRATION 

Set  the  input  voltage  precisely  to  -fp. 9963V  for  unipolar  oper- 
ation, ♦4.9963V  for  inputs  of  ±5V  or  +9.9926V  for  inputs  of 
tlOV.  Note  that  these  values  are  mLSB's  less  than  nominal 
full  scale.  Adjust  the  20k  variable  gain  resistor.  Figure  8,  until 
Binary  and  Offset  Binary  coded  units  are  just  on  the  verge 
of  switching  from  111111111110  to  111111111111  and  Two's 
Complement  coded  units  are  just  on  the  verge  of  switching 
from  0111  111  11110  to  on  11 11  111  11. 


INT.  RANGE  ADJUSTMENT 


•R  SHOULD  BE  AT 
LEAST  *7kf.  AND  NO 
aiORE  THAN  470kn. 
REDUCING  R INCREASES 
ADJUSTMENT  RANGE. 


Figure  9.  Clock  Trim 
DELAY  TIME  ADJUSTMENT 

The  DLY  OUT  signal  may  be  adjusted  to  vary  the  A/D  conver- 
ter triggering  time  by  means  of  the  external  circuitry  shown 
in  Figure  10.  An  open  DLY  TRIM  terminal  (Pin  23B)  results  in 
a nominal  delay  time  of  3.0/j$ec.  A grounded  DLY  TRIM  ter- 
minal (for  highest-aecuracy)  results  in  20)isec  delay  time 
nominal. 


Figure  10.  Delay  Trim 


Figure  8.  Ext.  Ref.  Adjustment 


TABLE  I 


INPUT 

ANALOG  INPUT 

ANALOG 

JUMPER 

CONFIGURATION 

CONNECTIONS 

INPUT  RETURN 

CONNECTIONS 

16  Single-Ended 

3T  thru  lOT 

All  input  returns 

IIB  to  IIT 

Inputs 

and 

to  2B  or  2T 

12B  to  2B  or  2T 

(Figure  3a) 

3B  thru  lOB 

17B  to  19T 

18T  to  18T- 

8 Differential 

JT 

3B 

IIB  to  12B 

Inputs 

thru 

thru 

l7Bto  18Tto  "1" 

(Figure  3b) 

lOT 

lOB 

16  Pseudo-Differ- 

3T  thru  lOT 

Common  Input 

llBto  IIT 

ential  Inputs 

and 

return  to  I2B 

17B  to  19T 

(Figure  3c) 

3B  thru  lOB 

18T  to  18B 
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RECOMMENDED  SET-UP  PROCEDURE 

1.  Select  input  configuration,  see  Table  I. 

2.  Select  MUX  address  mode. 

The  method  of  addressing  the  multiplexer  can  be  selected 
by  connecting  the  unit  as  follows: 

...  RANDOM.  Set  Pin  24B  (LOAD  ENB)  to  logic  “0”.  The 
next  falling  edge  of  STROBE  will  load  the  address  presented 

' to  Pins  19B  through  22B  (8,  4,  2,  1).  The  code  on  these 
linet  must  be  stable  during  the  falling  edge  of  STkOBE  plus 
lOOnsec. 

SEQUENTIAL  FREE  RUNNING.  Set  to  logic  “1”.  Pin 
24B  (LOAD’ENB)  and  25 B (CLR  ENB).  Connect  Pin  27B 
(EDO  to  Pin  24T  (STROBE  1).  Connect  Pin  23T  (DLY 
OUT)  to  Pin  27T  (TRIG).  Use  Pin  26T  (TRIGT  as  a run/ 
stop  control  (i.e.  A/D  conversion  will  continue  while  TRIG 
is  high  and  will  stop  while  TRIG  is  low). 

SEQUENTIAL  TRIGGERED.  Set  to  logic  “1”,  Pins  24B 
(LOAD  ENB)  and  25B  (CLR  ENB).  Connect  Pin  24T 
(CTKDSE)  to  external  triggering  source.  The  multiplexer 
address  register  will  automatically  advance  by  one  channel 
whenever  a STROBE  command  is  received.  The  initial  chan- 
nel can  be  selected  by  setting  Pin  24B  (LOAD  ENB)  to  logic 
“0"  during  only  one  STROBE  command.  The  multiplexer 
address  will  then  be  determined  by  the  logic  levels  on  Pins 
19B  through  22B  (the  external  MUX  address  lines).  Channel 
**0”  can  be  selected  as  the  initial  channel  by  setting  Pin  2SB 
(CLR  EN7)  to  logic  “0"  during  only  one  StRObE  com- 
mand. The  final  channel  can  be  selected  by  following  the 
procedure  presented  in  Figure  6. 

3.  Select  A-D  conversion/channel  select  sequence  (see  Figure  5). 

(1)  NORMAL  (input  channel  remains  selected  during 
its  A/D  conversion).  Connect  Pin  23T  (DLY  OUT) 
to  Pin  27T  (TRIG). 

(2)  OVERLAP  (next  channel  is  selected  during  A/D 
conversion).  Connect  Pin  27B  (EDO  to  TTL  com- 
patible inverter  input.  Connect  inverter  output  to 
Pin  24T  (STROBE).  Connect  Pin  23T  (DLY  OUT) 
to  Pin  27T  (TRIG).  Adjust  the  delay  to  at  least 
43isec  greater  than  EOC,  20fisec  max  (see  Figure  10). 
The  signal  on  Pin  26T  (TRIG)  serves  as  RUN/ 

STOP  control. 

(3)  REPETITIVE  SINGLE  CHANNEL.  After  selecting 
the  input  channel  to  be  repetitively  sampled  (see 
MUX  ADDRESS  MODE,  above),  set  Pin  27T  (TRIG) 
to  logic  “0”.  Connect  Pin  26T  (TRIG)  to  a trig- 
gering source.  Conversion  process  is  initiated  by 
positive  edge  of  TRIG  command. 


4.  Select  output  resolution. 

a.  Full  12  bit  resolution:  connect  Pin  28T  (SHT  CYC) 
toPin3SB(DIG  RTN). 

b.  Bn  (Bn  < 12)  bit  resolution:  connect  Pin  28T  to  the 
output  pin  for  Bn  1. 

5.  Select  optimum  throughput  rate. 

The  system  clock  frequency  and  the  STROBE  to  TRIG 
delay  (if  used)  can  be  trimmed  to  optimize  the  accuracy/ 
throughput  rate  trade-off.  See  Figures  9 and  10. 

6.  Select  input  voltage  full  scale  range.  See  Table  II. 

7.  Select  output  digital  coding.  Sec  Table  III. 


FOR  FULL  SCALE 
RANGE  OF; 

MAKE  THE  FOLLOWING 
CONNECTIONS 

O'to+lOV 

12T  to  2T;  14T  to  14B  to  ADC  Source*. 

0to+10.24V 

same  asO  to  ♦lOV, p/us  15B  to  16B. 

0 to  +5V 

12T  to  13Bi  14T  and  14B  to  ADC  Source' 

0 to  +5. 12V 

same  asO  to  ♦5V,p/us  15B  to  16B 

-lOVto+lOV 

12T  to  2T:  14T  to  15T:  and  14B  to  ADC 
Source*. 

-10.24V  to  ♦10.24V 

same  as-lOV  to  ♦lOV, p/«s  15B  to  16B 

-5V  to  +5V 

12T  to  13Bi  14T  to  15T  and  14B  to  ADC 
Source*. 

-5.12V  to +5. 12V 

same  as  -5V  to  +5V,  plus  15B  to  16B. 

*ArC  Source  is  usually  Sample  and  Hold  Output  (13T),  but  may  be  any 
signal  source  including  Diff.  Amp.  Output  (13B)  if  Sample  and  Hold  is 
not  desired. 


TABLE  III 


OUTPUT  CODE 

CONNECTIONS 

Unipolar 

Connect  17T  to  -15V 

Binary 

Use29T(Bl)forMSB 

2’$  Complement 

Connect  17T  to  -15V 

Use  28B  (BTTforMSB  | 

Offset  Binary 

Connect  17T  to  -15V  i 

Use  29T  (Bl)forMSB  j 

I’s  Complement 

Connect  17T  to  2B  | 

Use28B(Bl)forMSB  ! 

I 

I 

1 
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• RANDOM  AOORESSING  ■ 


SEQUENTIAL  ADDRESSING 
I — NONOVERLAR  MODE  — | 


LOAOPnoO; 

nnuF  j 

ADDRESS  DATA  i 
OCULV  OUTiTKre  IN  . 

IOC  . 

"I 

»[ 


•10  1 
■11 1 
■12  I 

MUX  AOOAESSOur  [ 
OUTFUT  DATA  VALID  ' 

*rs 

OlFP.AMf.OUT  0 . 

-W  • 

S*HOUT  0 . 


Figuf9  11.  Timing  for  Non-O^oHap  Oparation  in  Both  Random  and  Sequential  Addressing  Modes. 

For  Status  Keys  and  Signal  Condition  Data,  Refer  to  Box  Below. 

SIGNAL  CONDITIONS 
AND  STATUS  KEYS 
FOR  FIGURES  11  AND  12. 


KOUCNTlAt  AOOAESSING  OVEALAAMOOC 
AHHANOrorOACOMriMUOUtcJKIVENSIOfillVirMMMMc  nntoo 

, CAN  M LIfT  HIGH 


coAggmiii  gmg 

ITKSit  

rnto  (STAATI  J 

MLAV  OUT/TNtO  ) ] 

tec 

■lUXAOOAOUf  ~ 

OUm/T  DATA  VALID 

•rS  •3  410 

OlffAWOUT  0 ■; 

n 

•9% 

SAHOuT  A =Trr : 

fS 


RUNS  AHILE  HIGH 

AOAJST  lO  ?o7wt" 

AA« 

IS^IK  CUNV  L 


^ CHAN  > DATA 

II5S2J5 
• lom 


fifun  12.  Timing  Diagram  for  Overlap  Operation  in  the 
Saquential  Addressing  Mode.  Tor  Status  Keys  and  Signal  Con- 
dition Data,  See  Box  at  Right. 


CH.  2 « -3.415V  CODE  010  101  010  101 
CH.  3 » ♦10.235V  CODE  111  111  111  111 
CH.  0 * -10.240V  CODE  000  OC  J 000  000 
CH.  1 * +3.410V  CODE  101  010  101  010 

ADC  SET  UP  FOR  ± 10.24V  INPUT, 
OFFSET  BINARY.  (FOR  TWO'S 
COMPLEMENT,  USE  HI  FOR  M.S.B.) 


INPUTS 

OUTPUTS 

May  change 

May  change  0 to  1 

IVin’t  know 

Changes  0 to  1 

May  change  1 to  0 

Changes  1 to  0 

Must  he  stable 

Will  be  stable 
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DASli28  WITH  MOTOROLA  6800 


DA$1128  WITH  INTEL  8080 


1.  MM  usto  m Mooc  1 (smocco  i/oi 

iPCtMOCHiSMUH  TOOCStRfOCHANNCL 

ICSTO  A,  nVMfRI  A.  IS  AN  AOCmtUtITOTNCA  THAN  A«ON  A,| 

4.  PC?  INiriATCS  CONVf  AStON 

1 toe  tTNOtf  S IN  DATA  ANO  MUX  INfO 

•.  tm  NIOMIN.  Nome Vt  A W»  CAN  ALSO  M USCO 


t.  attt  Utf  O IN  MOOf  1 (STAOet  0 I/OI 

a.  CS  TO  A.  NVHI  Af . A,  1$  AN  AOOAESS  tlT  OTHf  A THAN  A*  OA  AO 
S.PCtlNOCXCSMUX  TO  OCSIAEO  CHANNEL 
4.  PC?  INITIATES  CONVCASION 
•.COCtmOifSINOATA  ANO  MUX  INPO 


138 


PRINTED  IN  U.SA. 


Appendix  G 
Sensor  Interfaces 


This  appendix  discusses  the  three  circuits  that  were  designed  and 
built  to  interface  the  oxygen  partial  pressure  sensors,  the  acceler- 
ometers, and  the  heart  rate  detector  to  the  IFPDAS  II  prototype. 

OMll  Sensor  Interface  (Ref  18) 

The  circuit  in  Figure  21  interfaces  both  Beckman  OMll  polaro- 
graphic  sensors  to  the  IFPDAS  II  prototype.  The  OMll  sensor  is  biased 
to  -740  mvolts  and  produces  a current  (approximately  2 microAmps  for 
air  at  room  temperature)  that  is  proportional  to  the  oxygen  partial 
pressure  of  the  gas  that  surrounds  the  sensor.  An  amplifier  converts 
this  current  source  to  a voltage  output.  The  output  signal  ranges 
from  0 to  5.0  volts  corresponding  to  oxygen  partial  pressures  of  0 to 
700  mm  Hg;  the  response  time  for  the  sensor  is  800  msec  when  exposed 
to  a pure  oxygen  source. 

The  D -R  -R  -R  combination  acts  as  a voltage  regulator  and 

1 1 6 w 

divider,  reducing  the  -15  volts  to  the  necessary  -740  mvolt  sensor 
bias.  The  sensor  current  output  is  then  amplified  through  amplifier 
A.  to  produce  1.0  volts  (152  mm  Hg).  The  C,-R-  combination  determines 
the  amplifier  gain  and  provides  low  pass  filtering  with  a 5 Hz  cutoff 
frequency.  Temperature  compensation  for  the  sensor  is  provided  by  a 
built-in  lOK  thermistor  (R^)  which,  in  parallel  with  R^,  automatically 
adjusts  the  gain  for  changing  sensor  temperature.  Calibration  of  the 
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Fig.  21.  OMll  Interface  Circuit 


r ^ _ 

interface  is  accomplished  using  a lOOX  oiQrgen  source  and  adjusting 
potentiometer  R for  a signal  output  of  5.0  volts. 

If  faster  sensor  response  time  is  necessary,  the  circuit  of 

Figure  22  can  be  used  to  compensate  the  sensor.  This  circuit  was 

t 

I provided  by  Beckman  Instruments  (Ref  19)  and  it  reduces  the  sensor 

i 

response  time  to  100  msec.  Power  consumption  of  this  circuit  can  be 
minimized  by  utilizing  all  UA776  amplifiers  which  can  be  biased  for 
I microwatt  power  consumption  by  appropriately  selecting  the  bias 

j 

I resistors  (Ref  20:  Ch  8,  458-466). 


I 


1 f , 

L ^JL-  5 
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Fig.  22.  OMll  Compensator  Circuit 


Accelerometer  Interfaces 

The  Statham  F-15-340  accelerometer  interface  circuit  is  shown 
in  Figure  23. 


Fig.  23.  Accelerometer  Interface  Circuit 

The  output  range  of  the  circuit  is  0 - 5 volts  corresponding  to 
-3  to  +12  G's.  Resistors  and  R^  provide  a 1.0  volt  (3  G)  offset  of 

the  bridge.  With  the  accelerometer  oriented  as  shown,  R^  is  adjusted 
to  provide  a 1.33  volt  (1  G)  output  signal.  Feedback  network  C,-R_ 
determines  the  amplifier  gain;  and  capacitor  provides  filtering  to 
reduce  the  effects  of  transient  G's.  The  filter  cutoff  frequency  is 
m)proximately  20  Hz. 
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The  output  of  the  amplifier  can  be  tested  by  changing  the  orienta- 
tion of  the  accelerometer  about  the  longitudinal  axis  and  observing  the 
corresponding  signal  outputs.  With  a 90°  clockwise  rotation,  the  probe 
senses  a zero-G  condition  and  the  amplifier  output  signal  is  1.0  volts. 
With  an  additional  90°  rotation,  the  probe  senses  a negative-one-G 
condition  and  the  output  of  the  amplifier  is  .67  volts. 

Heart  Rate  Detector 

The  heart  rate  detector  consists  of  an  ECG  amplifier,  R-wave 
detector,  and  digital  interval  counter.  The  analog  portions  are  shown 
in  Figure  24;  the  digital  portion  is  shown  in  Figure  25. 

The  ECG  amplifier  increases  a 1 mvolt  ECG  signal  to  a minimum  of 
l.S  volts.  The  differential  ECG  (leads  1 and  2)  is  input  to  amplifiers 
and  A^,  and  lead  3 is  used  as  a reference  to  reduce  the  common  mode 
voltage.  Feedback  networks  R,-C,  and  R„-C,  provide  the  gain  and  high 
frequency  filtering.  Potentiometer  R^  allows  the  gain  of  the  differ- 
ential input  stage  to  be  varied  between  30  and  100. 

The  amplifier  signal  is  capacitively-coupled  to  amplifier  A 
through  C^  and  C^.  This  helps  eliminate  DC  baseline  shifts.  Amplifier 
A_  provides  final  signal  amplification  with  a differential  mode  gain 
of  50.  The  ECG  signal  is  then  filtered  through  a double-pole,  low 
pass,  active  filter  using  amplifier  A^.  The  filter  bandwidth  is  60 
Hz  and  its  low  frequency  gain  is  unity. 

Resistors  R^,  R2>  and  R^  to  R^^  were  chosen  within  .5X  tolerence 
to  reduce  the  common  mode  amplifier  gain.  Resistors  R^,  R^,  R^^,  and 

R set  bias  currents  for  low  power  (500  microwatts)  operation  of  the 
15 

IIC1776  operational  amplifiers. 


144 


The  filtered  ECG  signal  is  input  to  an  inverting  comparitor  (A^). 
A reference  voltage,  adjustable  by  potentiometer  is  compared  to 

tike  ECG  input  and  a pulse  is  output  vdien  the  peak  of  the  ECG  is  above 
the  reference  voltage.  This  pulse  is  then  output  to  the  digital 
portion  of  the  circuit. 

The  detector  circuit  is  adjusted  by  monitoring  the  ECG  on  a 
strip  chart  or  oscilloscope.  The  amplifier  gain  is  adjusted  by  to 
obtain  an  ECG  peak  magnitude  of  2 volts.  The  threshold  voltage  can 
bo  adjusted  by  R^^g  to  detect  all  of  the  R-waves  without  mis-firing 
on  the  noise. 

The  output  of  the  R-wave  detector  is  ii^)ut  to  the  digital  counting 
circuitry  (Figure  25).  This  circuit  counts  the  number  of  4.44  msec 
(1/225  Hz)  periods  between  detected  R-waves.  The  dual-D  flip-flop 
configuration  (U33)  shapes  the  variable  width  R-wave  pulse  to  a single 
4.44  msec  pulse.  This  pulse  is  input  to  a monostable  multivibrator 
(U32)  to  generate  a 1.40  microsec  STB  for  the  8255.  The  4.44  msec 
pulse  is  also  gated  to  clear  the  counter  prior  to  subsequent  counting 
pulses.  (A  timing  diagram  of  this  sequence  is  given  in  Figure  26.) 


The  oxygen  and  accelerometer  circuits  are  biased  at  - 15  volts  so 
that  the  DAS  1128  power  supply  can  be  used.  A -fS  volt  power  supply  can 
be  used  with  low  power  operational  amplifiers  (i.e.,  MC1776  or  LM312) 
by  splitting  the  +5  volt  power  supply  to  provide  the  necessaiy  - 2.5 

volts. 
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Two  ONll  sensor  interfaces,  the  accelerometer  interface,  and  the 
heart  rate  detector  are  contained  on  a 2.75"  x 4.75"  component  board 
idiich  is  housed  in  a 3"  x 4"  x 5"  aluminum  box.  The  amplifier  and 
potentiometer  orientation  is  shown  in  Figure  27.  The  interface  box 
external  connections  are  shown  in  Figure  28.  The  pin  assignments  for 
the  25^in  interface  connector  are  given  in  Table  X. 


148 


Function 


Fig.  27.  Chassis  Board  Layout  and  Part  Nuaber/Function 


Fig.  28.  External  Chassis  Interface  Connections 


Table  X 


t 


Chassis  Pin  Conr 


External  Connection 

Pin  # 

N/C 

1 

thermistor  (white) 

2 

OMll  #1  thermistor  (green) 

3 

{P02IN)  cathode  (red) 

4 

. anode  (black) 

5 

N/C 

6 

N/C 

7 

N/C 

8 

N/C 

9 

accelerometer  pin  2 

10 

accelerometer  pin  3 

11 

+15  VDC  (red) 

12 

-15  VDC  (white) 

13 

thermistor  (white) 

14 

OMll  #2  thermistor  (green) 

15 

(P020UT)  cathode  (red) 

16 

anode  (black) 

17 

N/C 

18 

N/C 

19 

OMll  shields 

20 

N/C 

21 

accelerometer  pin  4 

22 

GNO  (black) 

23 

accelerometer  pin  1 

24 

+5  VDC  (blue) 

25 
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Chassis  Connection 


N/C 


to  P02IN 
amplifier 


GNO 

GND 

+5  volt  bus 
'fS  volt  bus 


i 


f 

! 

I 

5 

i 

i 

I 

I 

i 


i^pendix  H 

Magnetic  Bubble  Memory  Interface  Diagrams 


These  diagrams  show  the  interfacing  required  to  test  the  bubble 
memory  with  the  prototype.  The  diagrams  were  supplied  by  Gerald  Cox 
of  Texas  Instruments,  Inc.,  Dallas,  Texas. 
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Fig.  29.  Logic  Diagram,  Bubble  Memory  Controller  (Page  1) 


SBXS  PAdE  IS  BEST  QUAl/lTY  PBACIIOAILI 
raOM  OOPY  TURUISUED  XO^Q  


Fig.  30.  Logic  Diagram,  Bubble  Memory  Controller  (Page  2) 
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(1000  FEET) 
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25 
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(Ref  22) 

The  instantaneous  expired  oxygen  volume  is  related  to  the  partial 
pressure  of  oxygen  by 


d\ 


02 


dt 


{ ’e-  ''02/' 


Abs 


(22) 


dt 
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1 


where. 


02 


Voliime  of  e]q>ired  oxygen  (liters) 
Volume  of  expired  air  (liters) 


02 


'^Abs 


Partial  pressure  of  oxygen  expired  (mm  Hg) 
Absolute  pressure  (mm  Hg) 


Since, 


Pg  /p  - 
*•02/  Abs  “ *^02 


(23) 


idiere  F is  the  oxygen  fraction  in  the  expired  air. 
“02 

Using  Eq  (23),  Eq  (22)  becomes. 


d '^E 


02 


{’'e- 


"02 


dt 


dt 


(24) 


The  flow-weighted  expired  oxygen  volume  then  becomes. 


02 


- / V • 


os  - \ 


breath 


(25) 


where  V is  the  expired  volume  of  oxygen  in  liters/breath 
*02 
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A aiailar  computation  for  inspired  o^gen  volume  is  made  and  the 
per  breath  oj^gen  consumption  can  then  be  computed: 


Vq2  (liters/breath) 


(26) 


where » 

V^_  = Volume  of  oxygen  consumed  (liters/breath) 

y 

I - = Inspired  volume  of  oxygen  (liters /breath) 


The  expired  oxygen  volume  measurement  is  made  using  the  curves  of 

e:q>ired  flow  volume  rate  and  oxygen  partial  pressure  as  shown  in  Figure 

33.  The  per  breath  expired  oxygen  volume  is  the  area  under  the 

(F_  )(V_)  curve  measured  over  the  period  of  one  breath.  A trapezoidal 
®02  ® 

approximation  to  the  area  under  this  curve  will  yield  the  flow-weighted 
wqpired  oxygen  volume: 


(27) 


where. 


02, 


P. 


Expired  o:^gen  fraction  value 


rig.  33.  Flow  Rate  Weighted  Expired  Oxygen  Measurement 


t«l 


Expired  volume  flow  rate  sanqile  value  (liters/min) 


t a Saiq>le  to  sample  width  (min) 


A similar  method  is  used  to  determine  the  inspired  oxygen 
volume  and  the  pilot's  oxygen  consumption  is  then  computed: 


Vq2  (liters/min) 


(28) 


The  IFPDAS  II  operating  system  can  be  modified  to  store  all  of  the 
parameters  required  for  an  accurate  calculation  of  the  oxygen  consump- 
tion if  an  inspired  flow  sensor  is  acquired.  The  required  flow-weighted 
sums  are  calculated  as  follows:  As  the  inhaled  breath  is  detected,  the 
inhaled  flow  rate/oxygen-fraction  product  is  calculated.  These  samples 
are  summed  over  the  period  of  the  inspired  breath  and  stored.  A similar 
product-sum  is  calculated  for  the  period  of  the  exhaled  breath  and 
stored.  These  values  are  then  available  for  altitude  correction  and 
integration  on  the  groimd. 

A sampling  rate  of  20  Hz  is  adequate  to  insure  minimal  error  for 
the  trapezoidal  approximation  of  the  integral  as  the  breathing  rate 
averages  only  .2  Hz.  This  routine  also  allows  ample  time  to  perform 
the  necessary  multiplication  and  division  routines,  each  requiring  a 
maximum  of  380  microsec.  Measurement  delays  can  be  compensated  for  by 
temporarily  storing  sample  values  and  time-adjusting  them  to  provide 
maximum  accuracy. 
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